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TRANSACTIONS. 

Thursday,  2nd  January. 

P.  A.  PETERSON,  Vice-President,  in  the  Chair. 

VANCOUVEK  WATER  WORKS. 

DISCUSSION. 

The  author,  in  his  very  interesting  and  comprehensive  paper,  gives  Mr  E  Mohun 
the  average  velocity  of  the  Capilano  River  for  the  first  seven  miles  from 
its  mouth  at  five  feet  a  second.  A  difficulty  has  been  frequently 
encountered, — notably  in  the  precipitous  mountain  ranges  of  the  Pacific 
Coast, — in  maintaining  impounding  reservoirs  in  somewhat  similar 
situations.  In  these  torrential  streams  it  lias  been  found  that  the 
boulders  and  gravel  washed  from  the  banks  and  bed  above  the  dam  are 
liable  to  be  swept  down  and  gradually  fill  tin  reservoir.  A  velocity  of 
five  or  six  feet  a  second  will  move  good  sized  boulders,  and  less  than 
half  that  velocity  will  move  gravel.     From  the  author's   description  of 

the  bed  of  the  stream,  it  would  appear  that  the  velocity  has  1 d  great 

enough  to  remove  most  of  the  grave]  from  the  channel,  except  at  points 
where  from  the  formation  of  the  hanks  Black  water  was  encountered. 
On  the  other  hand,  as  even  the  most  sanguine  Vancouverites  do  not 
anticipate  a  population  of  four  or  five  millions  requiring  a  daily  supply 
of  440  millions  of  gallons,  a  storage  reservoir,  as  such,  is  not  an  essential, 
provided  means  are  adopted  to  keep  the  entry  conduit  clear. 

The  steel  mains  which  were  built  and  laid  by  the  Albion  Iron 
Works  Company  of  Victoria  did  not  when  first  laid  give  satisfaction. 
Many  were  leaky,  and  considerable  damage  was  done  to  the  streets. 

A 
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These  defects  have,  it  is  believed,  been  since  remedied,  and  the  writer1 
is  informed  that  the  same  Company  subsequently  laid  a  similar  main 
with  complete  success  for  the  Victoria  Water-Works.  The  writer 
understands  that  the  Iron  Works  Company  was  solely  responsible  for 
making  and  laying  the  steel  mains  in  Vancouver. 

On  the  15th  November,  1889,  a  serious  accident  happened  to  the 
submerged  main,  by  which  the  city  was  deprived  of  its  water  supply  for 
eight  days.  One  of  the  12  in.  cast  iron  pipes,  lying  in  40  feet  of  water, 
was  badly  fractured,  and  it  can  hardly  be  doubted,  from  the  position  of 
the  pipe,  that  the  break  was  caused  by  a  water  ram.  The  writer  under- 
stands that  Mr.  G-.  A.  Keefer  had  recommended  automatic  blow  offs 
at  each  end  of  the  submerged  main,  to  guard  against  just  such  an  acci- 
dent ;  but  unfortunately  his  advice  had  been  neglected.  The  blow  offs 
referred  to  by  the  author  are  not  automatic.  The  break  was  repaired 
by  a  diver,  who  covered  the  fracture  with  a  wrought  iron  sleeve, 
in  two  parts  bolted  together  and  lined  with  vulcanite.  In  justice  to 
the  Water- Works  Company,  it  should  be  added  that  it  did  all  in  its 
power  to  reduce  the  inconvenience  to  a  minimum,  bringing  water  across 
the  Inlet,  and  delivering  it  free  to  its  customers  by  cart. 

Having  been  resident  in  Vancouver  at  the  time  of  the  discussion  of 
the  rival  water -works  schemes,  the  writer  is  aware  that  the  main 
objections  raised  to  the  Capilano  project  were  based  upon  the  supposed 
difficulty  of  crossing  the  Narrows.  One  party  said  that  it  could  not  be 
done,  because  no  similar  work  on  the  same  scale  had  yet  been  attempted. 
It  is  to  be  hoped  that  there  are  but  few  engineers  with  whom  such  a 
reason  would  have  weight.  The  more  reasonable  opponents  of  the 
work  did  not  dispute  the  practicability  of  laying  the  pipe,  but  thought 
that,  in  only  having  a  single  main,  in  the  event  of  an  accident  to  it, 
the  safety  of  the  city  would  be  imperilled,  putting  on  one  side  the 
terrible  inconvenience  of  a  short  water  supply.  From  Mr.  Smith's  paper 
it  appears  that  the  duplicate  submerged  main  was  a  part  of  the  general 
plan  which  hitherto  the  company  has  failed  to  carry  out. 

The  writer  has  always  believed  in  the  feasibility  of  laying  the  sub- 
merged main,  and  has  never  hesitated  to  express  this  opinion  to  the 
opponents  of  the  scheme.  Looking,  however,  to  the  vast  interests  at  stake, 
the  has  always  insisted  upon  the  necessity  of  the  submerged  main  being 
in  duplicate,  and  is  glad  to  learn  that  since  the  accident  the  company 
has  taken  active  steps  towards  laying  on  additional  main  across  the 
Narrows.  From  the  reports  of  the  divers  it  would  seem  that  the 
pipe  has  not  been  moved  by  the  current  from  the  position  in  which 
it  was  first  laid. 
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With  regard  to  the  dangers  to  be  apprehended  from  vessels'  anchors, 
the  writer  is  inclined  to  think  they  have  been  exaggerated ;  nevertheless, 
were  he  responsible  for  the  maintenance  of  a  single  line  of  pipe  across 
the  Narrows,  upon  the  integrity  of  which  the  very  existence  of  the 
city  might  at  any  moment  depend,  he  would  be  very  uneasy  until  all 
human  precautions  had  been  taken  to  secure  its  safety.  A  simple 
mode  of  obviating  any  risk  from  ships'  anchors  would  be  to  cover  the 
pipe  with  concrete  in  sacks  laid  by  a  diver.  This  if  done  properly 
would  also  add  greatly  to  the  strength  of  the  pipe ;  and  if  the  diver's 
report,  that  the  pipe  was  lying  in  a  groove  in  the  sandstone  rock,  is 
correct,  the  pipe,  by  the  means  suggested,  would  be  completely  incased 
in  a  shell  of  rock. 

The  unfortunate  accident  referred  to  has,  for  a  time,  put  a  stop  to 
submitting  to  the  ratepayers,  a  scheme  for  the  purchase  of  the  Water 
works  -by  the  city ;  and  though  the  vast  majority  of  the  citizens  are 
agreed  that  the  city  should  own  its  water  supply,  no  by-law  approving 
of  the  purchase  would  pass,  unless  it  was  felt  that  such  another 
failure  was  practically  impossible.  The  burnt  child  dreads  the 
fire.  Vancouver  has  once  been  wiped  off  the  face  of  the  earth,  and 
it  cannot  be  wondered  that  her  citizens  should  refuse  to  purchase  a 
system,  which,  under  the  same  circumstances  as  occurred  a  month  or 
two  ago,  would  leave  them  at  the  mercy  of  a  conflagration  which 
might  occur  at  any  moment. 

The  conception  of  the  Capilauo  Water- Works  for  the  supply  of  the 
city  of  Vancouver  was  of  its  very  nature  one  of  the  best  examples  of 
hydraulic  engineering  to  be  met  with  on  the  Pacific  Coast  of  the 
Dominion.  The  great  difficulty  to  be  encountered  was  the  crossing  of 
an  arm  of  the  sea  under  conditions  entirely  unparalleled  in  water-works 
engineering,  and  in  some  respects  the  pipe  line  across  the  Narrows  of 
Burrard  Inlet  is  almost  without  an  equal. 

The  design  of  Mr.  G.  A.  Keefer,  M.  Can.  Soc.  C.  E.,  for  the  Capi- 
lano  Water-Works  was  not  the  only  design  for  Water- Works  for  the 
city  of  Vancouver. 

The  Coquitlam  Water-Works,  designed  by  Mr.  E.  A.  Wilmot, 
M.  Can.  Soc.  C.  E.,  was  also  under  consideration  at  the  same  time  that 
the  Capilano  Water-Works  was  being  matured,  and  as  both  projects  re- 
ceived a  great  deal  of  consideration  at  the  time,  their  merits  and  de- 
merits being  frequently  discussed  both  in  the  press  and  elsewhere,  it  may 
not  be  out  of  place  for  an  outsider  to  present  the  features  of  both  schemes 
to  the  Society  of  Civil  Engineers.     The  data  before  the  writer  are  the 
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reports  by  Col.  W.  R.  Eckhart,  of  San  Francisco,  on  the  Capilano  River 
Scheme,  and  which  is  now  constructed,  and  the  Coquitlam  Lake 
Scheme,  which  is  now  being  matured  for  the  supply  of  the  city  of  New 
"Westminster,  reported  upon  by  Mr.  H.  Schussler,  chief  engineer  of 
the  Spring  Valley  Water- Works  of  San  Francisco. 

The  elevation  of  the  pipe  inlet  as  given  by  Mr.  Eckhart  for  the  Capi- 
lano was  422  ft. 

The  elevation  of  the  pipe  inlet,  as  given  by  Mr.  Schussler  for  the  Co- 
quitlam, was  435  ft.,  so  no  important  difference  obtained  between  the 
elevations  of  the  two  proposed  systems. 

The  entire  length  of  the  Capilano  scheme,  as  given  by  Mr.  H.  B» 
Smith  in  his  valuable  report,  is  52,741  ft.  from  the  dam  to  the  centre 
of  the  city,  or  very  nearly  10  miles. 

The  entire  length  of  the  Coquitlam  scheme  as  given  by  Mr.  Schussler 
is  105,600  ft.,  or  20  miles. 

It  will  thus  be  seen  that  the  laying  of  the  submerged  pipe  across  the 
Narrows  of  Burrard  Inlet  was  the  direct  means  of  saving  10  miles  of 
piping  so  far  as  Vancouver  water  supply  was  concerned. 

Mr.  Thomas  C.  Keefer,  C.M.C.,  Past  President  of  the  Society,  report- 
ed upon  the  Capilano  scheme ;  and  looking  now  upon  the  accom- 
plished work,  the  only  feeling  is  one  of  admiration  for  the  design  of  so 
bold  an  engineering  feature  as  the  submerged  pipe  line  across  Burrard 
Inlet  Narrows.  For  a  country  or  carrier  main,  mild  steel  enables  the 
engineer  to  undertake  works  of  magnitude,  that,  if  he  were  compelled  to 
use  cast  iron  mains,  would  almost  render  the  cost  of  such  works  pro- 
hibitive. 

At  present  ruling  prices,  a  steel  main  of  equal  dimensions  can  be  laid 
complete  in  the  trench  for  about  the  same  figure  that  a  cast  iron  main 
could  be  landed  on  the  wharf  in  Vancouver  or  any  other  port  on  the  Pa- 
cific Coast ;  thus  shewing  clearly  that  it  is  possible  to  effect  a  saving  of 
nearly  40  per  cent,  in  the  cost  of  the  pipe  line.  But  valuable  as  mild 
steel  is  for  mains  of  large  dimensions,  there  appears  to  be  a  tendency 
among  engineers  to  exact  too  much  from  it. 

Thus  in  the  Vancouver  Water-Works  system,  the  ultimate  strength  of 
the  16  inch  main,  allowing  a  tensile  strength  of  60,000  lbs.  per  inch  for 
plates,  and  .7  for  strength  rivetting,  would  be  580  lbs.  per  sq.  inch,  and 
the  same  data  for  the  22  inch  would  permit  of  420  lbs.  per  sq.  inch.  Now, 
according  to  Mr.  Smith's  report,  the  22  inch  main  has  to  sustain  a  head 
of  water  equal  to  164  feet  in  height  or  a  pressure  of  71.17  lbs.  per  sq. 
inch,  as  a  maximum.  The  factor  of  safety  in  this  case  is  therefore  6. 
In    the   case   of  the   16   inch  main,  the  head  of  water  sustained  is 
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equal  to  a  column  of  415  feet,  and  equal  to  a  pressure  of  180.11  lbs. 
per  sq.  inch  as  a  maximum.  The  factor  of  safety  in  this  case  equals 
a  little  over  3  or  nearly  3£.  It  is  apparent  therefore  that  no  very 
great  amount  of  corrosion  can  take  place  without  very  materially 
reducing  the  factor  of  safety,  and  that  moreover  the  workmanship  and 
material  must  be  the  best  obtainable. 

From  Mr.  Smith's  report  there  is  a  flush  valve  on  the  22  inch  main, 
and  likewise  one  air  valve  in  the  tunnel.  On  the  16  inch  main  there 
is  a  flush  valve  on  the  north  side  and  another  on  the  south  side  of  the 
Inlet,  one  air  valve  located  between  the  Inlet  and  Coal  Harbor,  and 
two  flush  valves  on  opposite  sides  of  Coal  Harbor. 

The  total  number  of  vertical  and  horizontal  bends  are  given  by  Mr. 
Smith  at  179.  It  would  be  interesting  to  know  how  many  of  these 
are  horizontal  and  how  many  vertical  bends;  for  no  matter  how 
free  from  sediment  the  waters  of  the  Capilano  may  be,  there  are 
certainly  a  great  number  of  elevations  and  depressions  without  either 
air  or  flush  valves,  and  doubtless  there  will  be  a  great  difference  of 
opinion  as  to  the  capacity  of  the  1G  inch  main  after  accumulations  of 
air  and  silt  have  taken  place, 

From  the  description  of  the  turning  on  of  the  water,  it  is  very  evi- 
dent that  water-rani  and  air  compression  were  treated  as  a  myth,  and 
it  would  afford  a  great  deal  of  valuable  information  if  Mr.  Smith  would 
give  a  detailed  account  of  the  behaviour  of  steel  mains,  having  a  factor  of 
safety  ranging  from  3  to  5,  a  lame  number  of  angles  of  elevation  and 
depression  along  the  pipe  line,  few  air  valves  and  very  few  flash 
valves,  with  a  full  head  of  water  flowing  with  a  velocity  of  1.4 
feet  per  second.  The  water  seems  to  have  taken  3|  hours  to  traverse 
19,320  feet  from  the  tunnel  to  the  north  shore  of  Burrard  Inlet. 
That  something  occurred  may  be  inferred  from  the  last  two  paragraphs  of 
Mr.  Smith's  paper. 

It  appears  that  a  tank  is  now  placed  on  the  north  side  of  the  Inlet  at 
an  elevation  of  about  230  feet  above  tide  water  mark,  thus  reducing 
the  pressure  upon  the  lower  portions  of  the  system  by  200  feet  of 
head,  and  likewise  reducing  the  pressure  apon  the  upper  portion  of  the 
system  by  the  difference  between  the  velocity  and  static  pressures,  as 
the  tank  is  allowed  to  flow  over  and  to  discharge  the  surplus  water 
into  the  river.  Some  kind  of  provision  is  made  for  inserting  a  plug  so 
as  to  utilize  the  lull  head  of  430  feet  in  case  it  should  be  required. 

Taking  Mr.  Smith's  description  of  the  Vancouver  Water-Works,  one 
cannot  help  feeling  that  there  can  be  no  difference  of  opinion  about  the 
works  as  projected  by    Mr.  Kecfer,  for  they  are  without  a  doubt  unri- 
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vailed  in  this  section  of  country ;  but  there  is  a  wide  field  for  discussion 
relative  to  the  manner  in  which  Mr.  Reefer's  plans  have  been  carried 
out.  Doubtless  other  engineers  who  are  conversant  with  the  question 
will  give  us  the  benefit  of  their  extended  and  valuable  experience  on  this 
very  important  branch  of  engineering, — water-works  construction. 

Mr.  p.  J.  Kus-       The  writer  has  read   the  advance  proof  of  Mr.  H.  B.  Smith's  paper 

sell  Duncan.  r  _  r   r 

on  the  Vancouver  Water- Works  with  very  great  interest,  and  as  co- 
pious extracts  have  been  made  from  a  small  pamphlet,  which  the 
London  Steel  Pipe  Co.  published  a  few  years  ago,  and  the  joint  referred 
to  in  that  pamphlet  is  described  on  page  page  338  (Vol.  Ill)  of  the 
author's  paper  as  a  cumbersome  arrangement,  the  writer  desires  to  bring 
under  the  notice  of  the  Society  some  particulars  with  reference  to  this 
joint. 

The  advantages  of  a  single  socket,  as  compared  with  the  Moore  & 
Smith  joint,  are  the  great  reduction  in  the  quantity  of  lead  consumed, 
the  adaptability  of  the  joint  to  overcome  angular  deviations  in  the 
pipe  track,  and  the  increased  strength  of  the  spigot,  which  must  be 
of  sufficient  firmness  to  resist  the  strains  due  to  caulking  by  inexperi- 
enced workmen. 

The  Moore  &  Smith  joint,  although  it  has  no  doubt  been  very 
largely  employed,  is  inferior  to  the  joints  referred  to,  because  the  nipple 
reduces  the  internal  diameter  of  the  pipe,  and  tends  to  create  an 
increased  velocity  of  the  flow  of  water  through  the  pipe  and  the  joints  ; 
whereas  the  joint  now  referred  to  is  so  constructed,  that  the  pipe  is 
actually  larger  in  internal  diameter  wherever  the  joints  occur,  and  this 
system  of  construction  is  of  decided  advantage  by  reducing  the  friction 
of  flowing  water. 

It  cannot  be  fairly  said  by  the  author  that  the  joints  to  which  the 
writer  refers  have  been  entirely  discarded  on  the  Pacific  Coast,  for  the 
simple  reason  that  they  have  never  yet  been  employed  there,  with  the 
exception  of  the  pipe  line  constructed  by  the  Steel  Pipe  Company, 
Limited,  London,  for  the  water  supply  of  the  town  of  Mazatlan,  Mexico. 
This  is  the  first  pipe  line  on  the  Pacific  Coast  fitted  with  the  improved 
joints,  and  is  a  line  20  miles  in  length  and  14  and  12  inches  internal 
diameter. 

With  regard  to  the  22  inch  and  16  inch  pipes,  it  is  a  matter  of 
some  surprise  that  these  pipes  were  specified  so  thin.  The  pressure 
upon  the  pipe  line  is  about  400  feet  near  to  the  Burrard  inlet,  and 
the  pipes  at  this  point  are  16  inches  diameter,  and  .11  of  an  inch 
in  thickness.     So  far  as  the  writer's  investigations  go,  the  ordinary 


discussion  on   Vancouver  Water  Works.  7 

working  pressure  on  a  Californian  wrought  iron  pipe  of  this  thickness 
and  diameter  would  not  exceed  about  265  feet  head,  and  according  to  the 
practice  of  this  company,  pipes  of  this  thickness  would  not  be  made  of 
mild  steel  for  a  higher  pressure  than  285  feet.  It  is  clear  therefore 
that  the  pipes  laid  by  the  Vancouver  Water- Works  Company  are 
subject  to  much  higher  strains  than  is  customary,  and  there  is  every 
reason  to  believe  that  the  life  of  the  pipe  will  thereby  be  injuriously 
affected.  The  paper  gives  no  information  regarding  the  test  pressures 
imposed  upon  the  steel  pipes,  indicating  that  the  cast  iron  connections 
only  were  tested  to  a  pressure  of  300  lbs.  per  square  inch. 

It  is  unfortunate  that  the  author  has  not  given  details  of  the  rivet- 
ting.  On  the  2nd  of  May,  1880,  this  Company  received  a  long  letter 
from  him,  indicating  that  the  pipes  leaked  to  such  an  extent  that  when 
the  water  was  turned  on  it  was  found  impossible  to  stop  them.  In  his 
letter  dated  April  13th,  1889,  he  says:  "  In  two  days  time  it  was 
discovered  that  the  leaks  were  enlarging,  and  the  plates  beinti  actually 
cut  by  the  jets  of  water  forced  out  between  the  laps.  The  holes  made 
in  this  manner  are  just  beyond  the  edge  of  the  outside  lap.  and  are  of 
all  shapes,  some  being  circular  and  nearly  half  an  inch  in  diameter. 
After  the  pressure  the  appearance  pr<  sented  by  the  pipes  was  as  if  they 
had  been  acted  on  at  several  points  by  a  sand  blast."  He  then  goes  on 
to  state  that  attempts  were  made  to  repair  the  leaks  by  east  iron  rings; 
but  on  again  subjecting  the  pipes  to  pressure,  new  leaks  were  developed] 
and  at  the  date  of  his  letter  5,700  feel  of  the  pipes  were  leaking  so 
badly  that  their  removal  was  ordered  and  new  pipes  decided  upon. 

It  is  somewhat  misleading  to  read  in  the  latter  paragraphs  of  the  paper 
that  the  leaks  discovered  at  the  seams  were  speedily  repaired  by  steel 
rings  four  inches  wide,  made  in  halves,  which  were  made  to  go  round 
the  pipes,  in  the  face  of  the  information  contained  in  the  letb  r  ol  the 
13th  April,  to  which  reference  has  been  made,  and  the  writer  would 
suggest  that  the  author  should  correct  the  latter  part  of  his  paper. 

In  replying  to  the  author's  letter  about  the  leaks,  the  following 
questions  were  asked,  and  it  is  very  desirable  that  the  information 
should  be  communicated  to  the  Society  : 

Were  the  rivets  put  in  hot  or  cold  ? 

Were  they  closed  by  power,  and  if  so  by  what  power  ? 

How  were  the  longitudinal  seams  distributed  round  the  circle  ? 

What  was  the  length  of  the  rivets? 

Were  any  sections  of  pipe  rivetted  up  aud  tested  by  hydraulic 
power  in  excess  of  the  working  pressure,  to  prove  the  quality  of 
the  rivettinjr,  aud  was  any  test  whatever  made  of  the  rivetting  ? 
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With    what  were  the   pipes  coated,  and   how   was    the  coating- 
applied  ? 
How  were  the  pipes  jointed  together  ? 
The  length  of  pipes  being  23  feet,  9|  in.,  seven  plates  was  a  very 
large  number  to  employ.    Four  would  have  been  preferable,  thus  saving 
a  number  of  rivetted  seams. 

The  rivetting  was  apparently  faulty  and  the  plates  not  properly  laid 
together  at  the  seams,  and  possibly  burrs  were  left  at  the  rivet  holes 
which  prevented  the  perfect  contact  of  the  surfaces. 

Although  a  rivetted  joint  may  be  made  strong  enough  to  resist  the 
strain  brought  to  bear  upon  it  by  a  tension  testing  machine,  and  may  be 
proved  to  be  very  nearly  equal  in  tensile  strength  to  the  original  plate, 
yet  the  rivets  may  not  be  close  enough  to  secure  water  tightness  under 
pressure.  Experience  has  proved  that  there  is  considerable  difference 
between  pipes  being  strong  enough  to  resist  a  certain  tensile  strain 
across  the  joint,  and  being  water-tight  under  fluid  pressure,  which 
may  exert  no  greater  tensile  strain  across  the  joint  than  that  for  which 
it  was  designed.  The  evidence  submitted  at  the  time,  led  this  firm  to 
the  opinion  that  the  defects  in  the  pipe  were  due  to  faulty  workmanship 
and  inexperience  on  the  part  of  the  contractors. 

No  information  is  given  in  the  paper  as  to  the  means  adopted  for 
letting  off  air  in  the  pipe,  and  possibly  the  leakages  which  were  found 
were  a°-oravated  by  the  accumulation  of  air  in  the  mains  before  the  pipes 
were  properly  filled  with  water.  Neither  is  any  evidence  given  as  to 
the  hydraulic  tests  upon  specimens  of  the  pipes  to  prove  the  tightness 
of  the  rivetting. 

The  writer  considers  it  bad  practice  to  make  up  the  pipes  of  so  many 
small  plates.  It  is  found  much  more  satisfactory  to  make  the  plate 
cylinders  in  lengths  of  from  6  to  8  feet ;  and  if  this  system  had  been 
adopted  for  the  steel  pipes  described  by  the  author,  there  would  have 
been  a  great  reduction  in  the  number  of  circumferential  rivetted 
seams. 

Caulking,  in  the  manner  described  by  the  author,  tends  rather  to 
aggravate  leaks  than  to  prevent  them  whenever  mild  steel  plates  are 
employed.  A  better  system  for  preventing  leakages  and  to  make  per- 
fectly water-tight  joints  is  to  employ  suitable  plate  closing  apparatus 
upon  the  rivetting  machines,  the  effect  of  which  is  to  close  the  plates 
perfectly  together,  so  that  the  laps  are  thoroughly  overlaid  and  the 
surfaces  brought  into  close  contact  before  the  rivets  are  inserted ;  then 
when  the  rivets  are  closed  by  hydraulic  pressure  there  is  no  liability  to 
leakage,  and  caulking  is  entirely  dispensed  with. 
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The  description  of  the  method  in  which  the  lead  joints  were  made  is 
such  as  to  indicate  that  the  work  of  making  a  Moore  &  Smith  joint  is 
at  least  twice  as  much  as  that  of  making  the  patent  socket  joint 
recommended  by  the  writer.  The  great  care  which  has  to  be  taken  in 
making  the  Moore  &  Smith  joint  in  a  perfectly  straight  line  is  a  very 
serious  disadvantage.  A  particular  feature  in  an  efficient  joint  should 
be  its  facility  for  overcoming  angular  deviation  iu  the  pipe  line,  and 
thereby  reducing  the  number  of  bends. 

It  may  be  mentioned  that  a  9  inch  steel  pipe,  which  was  laid  by  this 
firm  in  the  Tay  Viaduct  some  years  ago,  was  laid  round  a  very  sharp 
curve  on  the  bridge,  without  any  special  connections  whatever,  the 
flexibility  of  the  joint  permitting  the  curvature  of  the  pipe  line.  The 
joints  were  made  above  ground,  and  360  feet  of  jointed  pipe  in  a  single 
curved  line  lowered  into  the  trench. 

Nor  is  there  any  necessity  in  a  joint  such  as  is  recommended  for  the 
caulkers  to  be  cautioned  with  regard  to  the  packing  of  the  lead.  The 
spigot  ends  of  the  pipes  are  welded  into  cylinders,  and  made  about  50 
p.c.  thicker  than  the  pipe,  so  that  any  pressure  the  caulker  imposes  upon 
the  lead  will  not  indent  the  pipe,  or  in  any  way  cause  it  damage.  The 
sockets  for  pipes  up  to  24  inches  diameter  are  stamped  by  hydraulic 
pressure  on  the  system  invented  by  Mr.  James  Riley,  General  Managex 
of  the  Steel  Company  of  Scotland,  Limited.  This  is  known  as  the 
Riley  Patent  Socket.  This  socket  has  an  external  lip  or  flange  which 
adds  very  greatly  to  its  strength,  and  with  this  joint  it  is  not  found  that 
the  shell  of  the  pipe  is  bent  inward  nor  the  mouth  of  the  socket  bent 
outward,  as  is  the  case  with  the  Moore  &  Smith  joint,  described  by  the 
author  on  page  339  (Vol.  Ill)  of  his  paper. 

With  regard  to  the  system  of  constructing  pipes  with  inner  and  outer 
courses,  this  method  is  entirely  discarded  by  this  Company  on  pipes 
of  all  diameters  made  of  plates  under  .2  of  an  inch  in  thickness.  A 
much  more  correct  and  reliable  method  of  making  perfect  einumfereu. 
tial  seams  is  obtained  by  the  use  of  suitable  machinery  for  expanding 
the  circumferential  lap  at  one  end  of  the  plate  cylinder,  after  the  plates 
have  been  punched  and  bent  into  cylinders ;  all  the  circumferential 
stains  are  carefully  punched  by  multiple  punching  machines  precisely 
to  the  same  pitch,  and  the  increase  in  pitch  due  to  the  enlarged  dia- 
meter of  the  overlap  is  obtained  by  stretching  the  plate  in  the  manner 
described. 

For  pipes  made  of  plates  exceeding  .2  of  an  inch  thick,  the  circumferen- 
tial seams  of  the  outer  course  are  punched  when  the  plate  is  flat,  by 
dividing  machines  which  divide  the  pitch  into  the  most  minute  fractions 
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necessary  to  overcome  the  irregularities  between  the  diameter  of  the 
outer  and  the  diameter  of  the  inner  course  of  plates.  The  system 
described  by  the  author,  of  leaving  one  end  of  the  plate  cylinder  to  be 
punched  while  the  pipe  is  rivetted  up  in  the  pipe  track,  is  not  only  one 
which  causes  enormous  delay  in  the  execution  of  a  pipe  contract,  but 
one  which  is  liable  to  very  great  inaccuracies  of  workmanship.  The 
method  described  of  fitting  the  pipes  together  in  a  trench,  drawing 
them  apart,  punching  the  holes,  putting  them  together  again,  and  rivet- 
ting  them  up  is  most  unsatisfactory. 

With  regard  to  the  distribution  of  the  longitudinal  or  straight  seams, 
a  pipe  made  of  very  thin  plates,  such  as  those  employed  for  the  Van- 
couver "Water  Works,  is  made  stronger  and  better  by  a  uniform  distri- 
bution of  the  longitudinal  seams  of  the  several  courses  around  the 
circumference,  instead  of  having  them  all  in  one  straight  line.  Some- 
times in  constructing  pipes  with  the  longitudinal  seam  all  in  one  line 
along  the  pipe,  much  greater  care  has  to  be  taken  in  straightening  the 
pipe,  as  there  is  a  tendency  to  curvature. 

The  paper  is  one  of  very  great  interest  to  all  engineers  interested  in 
water-works,  and  the  author  has  displayed  conspicuous  ability  in  the 
execution  of  the  works  under  his  charge. 

Mr.  g.  B.  Hen-  Mr.  Henry  Badeley  Smith'*;  able  paper  on  the  construction  of  the  dam 
and  pipe  line  of  the  Vancouver  Water  Works"  leaves  little  for  the  critic 
to  say,  beyond  expressing  admiration  for  the  successful  manner  in  which 
difficulties  both  novel  and  otherwise  have  been  met  under  exceptional 
circumstances.  The  moderate  height  of  the  dam  no  doubt  permitted 
the  foundation  (in  the  absence  of  puddling  clay)  to  be  laid  with  safety 
in  the  manner  described;  nevertheless,  the  accident  to  the  "lean  to," 
and  one  of  a  similar  nature  that  occurred  previously  to  another  part 
of  the  structure,  would  seem  to  be  a  warning  in  case  it  should  be  proposed 
at  any  future  time  to  increase  the  height  of  the  dam. 

With  regard  to  the  objections  and  answers  to  the  plan  of  laying  the 
pipe  across  the  Narrows  of  Burrard  Inlet,  a  few  remarks  may  be  in  order. 

The  fir>t  objection  begs  the  question  by  claiming  as  known  a  force 
that  is  not  known,  while  the  answer  claims  a  mathematical  demonstra- 
tion not  given,  but  doubtful  in  its  fundamental  basis,  as  all  calculations 
of  the  forces  of  the  sea  must  be  without  actual  previous  experiment. 

The  true  reply  to  the  objection  is  philosophical  not  mathematical. 
The  bed  of  the  inlet  at  the  point  of  crossing  is  stated  to  be  composed  of 
soft  sandstone,  partially  covered  with  mud,  gravel  and  cobble  stones.  Now 
a  stream  with  no  friction  on  the  bottom,  other  things  being  equal,  would 
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flow  with  equal  swiftness  at  every  depth,  hence  the  difference  in  speed 
between  the  bottom  and  top  would  be  a  measure  of  the  friction  at  the 
bottom.  But  the  present  case  is  one  of  a  tidal  current,  whose  efflux  and 
reflux  are  governed  by  so  many  and  complicated  conditions,  extending 
even  to  the  existence,  occasionally  at  least,  of  an  outward  current  at 
bottom  and  an  inward  current  at  top,  that  even  the  most  careful  obser- 
vation would  fail  in  producing  reliable  formulae.  It  is  plain  then  that  where 
the  erosive  force  is  actually  unable  to  remove  mud,  gravel  and  cobble 
stones,  a  12  in.  metal  pipe  would  lie  undisturbed,  quite  independent  of  its 
self-made  trench.  This  argument  nlso  answers  the  second  and  sixth  objec- 
tions. The  third  has  a  little  more  in  it,  and  is  more  weakly  replied  to.  It  is 
decidedly  doubtful  whether  such  a  pipe  could  resist  the  direct  impact  of  a 
falling  anchor,  or  that  any  engineer  would  invite  a  trial;  nor  is  it  likely 
that  he  would  be  free  from  anxiety  should  a  vessel,  whose  anchor  fluke 
embraced  the  pipe,  be  caught  in  a  violent  gale.  It  would  be  interesting  to 
sec  what  mathematicians  would  make  of  the  problem.  The  wisest  course 
would  seem  to  be  to  protect  those  parts  which  are  not  sufficiently  trench-  d 
already  in  the  bottom.  The  fourth  and  fifth  are  speculative,  and  need 
facts  capable  of  clear  verification  in  their  support  before  they  have  a 
right  to  claim  notice.  The  seventh  and  eighth  are  mathematical,  to  which 
a  very  decided  practical  answer  hue  been  given.  The  ninth  objection  is 
of  unascertained  antiquity,  and  is  still  voiced  wherever  old  settled  habits 
of  thought  are  disturbed  by  new  ideas.  "  Who  ever  heard  of  such 
a  thing  ?  "     "  Don't  take  much  stock  in  these  new  fads,"  etc. 

It  is  true  that  it  is  sometimes  difficult,  without  giving  more  attention 
than  is  convenient,  to  decide  whether  a  certain  scheme  is  the  work  of  a 
"  crank"  or  of  a  scientific  mind,  but  if  it  is  worth  considering  at  all,  it 
is  surely  the  duty  of  critics  to  meet  arguments  with  something  more 
than  mere  assertion,  and  to  support  their  own  statements  on  facts  and 
premises  which  are  undisputed  or  capable  of  ready  proof.  Mr.  Smith 
is  to  be  congratulated  on  having  contributed  such  an  interesting 
paper  to  the  Society. 

As  the  paper  is  a  long  one,  it  will  be  better  to  discuss  that  portion  Mr.  Peterson, 
relating  to  the  dam  this  evening.     If  the  paper  is  all  road  through  at 
once,  the  points  relating  to  the  dam  will  probably  be  forgotten  by  next 
evening. 

Was  there  not  some  mistake  about  the  size  of  the  tree  ?     It  would  Mr.  Black  welt, 
be  hard  to  get  the  stumps  out. 

The  author  was  perhaps  a  little  misleading.     The  tree  must  have  Mr.c.L. Smith. 
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been  one  badly  formed  at  the  root, 
of  that  size  solid  right  through. 


He  did  not  think  there  was  a  tree 


Mr.c.E.  Goad.  It  was  a  rare  thing  to  see  a  tree  solid  right  through  there.  The 
paper  is  well  'written  and  the  subject  elaborately  gone  into.  There 
seemed  to  have  been  great  difficulty  in  regard  to  the  carriage  of  ma- 
terial, etc.,  but  this  matter  could  not  be  followed  out  properly  without 
being  able  to  see  how  the  plans  were  adapted  to  the  peculiar  formation 
of  the  ground. 

Mr.  Peterson.  It  would  have  been  much  better  had  a  large  sketch  been  made 
showing  the  most  important  points  of  the  dam,  etc.,  and  the  methods 
taken  to  prevent  the  water  following  through  the  longitudinal  timber, 
which  is  a  great  source  of  trouble  in  all  works  of  this  kind.  As  he 
understood  it,  in  this  case  the  water  was  kept  back  by  sheet  piling. 
Then  there  was  the  question  of  getting  round  the  end,  also  a  difficulty 
that  had  been  overcome  by  a  brush  and  gravel  bank,  but  he  did  not 
understand  how  the  concrete  was  put  in.  It  would  be  a  good  plan  to 
make  a  rule,  such  as  was  in  force  in  the  Institution,  that  all  papers 
should  be  accompanied  with  large  drawings  which  could  be  hung  on  the 
walls.     This  would  very  materially  tend  to  aid  the  discussion. 

Prof.  Bovey.  In  reading  the  paper  over,  it  would  seem  that  some  of  the  concrete 
had  been  made  by  mixing  a  certain  amount  of  cement  with  gravel,  out 
of  which  stones  over  a  certain  size  had  been  eliminated.  This  was 
contrary  to  the  practice  recognized  by  many  eminent  authorities,  who 
said  that  the  best  concrete  was  made  of  stones  of  irregular  sizes — not 
limited  to  li  inches. 


Mr.  Gower. 


Prof.  Bovey. 


The  material  was  different  from  what  we  had  here.  Take  the  London 
gravel,  which  was  similar  to  that  they  had  in  Vancouver,  and  the 
practice  was  the  same.  All  big  gravel  was  taken  out.  It  was 
more  of  a  sea  gravel  than  anything  else,  and  generally  it  ran  1J"  to 
§/'  and  with  a  fine  kind  of  grit  was  mixed  six  to  one  with  Portland 
cement.  This  plan  was  invariably  adopted  by  engineers  in  the  south  of 
England. 

The  best  concrete  was  made  of  gravel  of  different  sizes — the  more 
irregular  the  sizes  the  better.  As  to  limiting  the  size  of  the  gravel, 
some  engineers  say  that  large  blocks  of  stone  can  be  put  in  without 
injuring  the  concrete  in  the  least. 
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Col.  Hayward,  City  Engineer  of  London,    in  his  specification  for  Mr.  Gower. 
gravel,  specifies  for   a  small  gravel  nothing  larger  than  1£,"  mixed  in 
proportion  of  six  to  one. 

The  idea  of  having  stones  larger  than  H"  taken  out  was  probably  Mr.  Peterson, 
because  the  concrete  had  to  go  into  a  small  space  and  had  to  be 
rammed.  In  filling  large  spaces  there  was  no  question  but  that  large 
stones,  two  or  three  feet  square,  might  be  put  in.  In  the  Lachine 
bridge  they  put  large  masses  of  concrete — 20'  x  40'  x  15' — in  the 
middle  of  which  they  might  have  put  large  stones  and  filled  in  all  round 
them,  and  in  many  cases  stones  larger  than  1|"  were  put  in.  In  the 
case  under  discussion,  however,  they  were  quite  right  in  taking  out 
everything  over  1£,"  for  the  reason  that  they  had  to  pack  the  cement, 
and  it  would  be  much  easier  to  ram  and  make  a  much  better  job  with 
small  stones  than  with  large  ones. 

The  timber  in  Burrard  Inlet  would  in  all  probability  be  affected  by  Prof.  Bovey. 
worms.     He  did  not  know  to  what  extent  the  Teredo    Navalis  had 
appeared  on  the  Pacific  coast.     Some  member  present  might  be  able  to 
say  whether  any  information  had  been  obtained  on  this  subject. 

Had  seen  specimens  in  the  Library  of  the  House  of  Commons  atMr-  Biackweii. 
Ottawa,  showing  the  effect  of  the  "  Teredo  Navalis  "  on  the  timber  of 
the  Pacific  coast,  which  is  very  disastrous.  It  had  occurred  to  him  what 
a  fortunate  city  Vancouver  was  as  compared  with  other  towns  having  the 
average  system  of  water-supply  and  cost  of  same.  In  Vancouver  they 
had  an  abundant  supply  of  cold,  clear,  running  water  for  almost  noth- 
ing. He  imagined  that  if  these  works  had  been  economically  carried 
out,  there  would  be  a  supply  of  water  for  all  time  at  a  cost  of  from 
one  to  two  dollars  per  head  per  annum.  There  was  a  pressure  of 
80 lbs.  at  the  highest  part  of  the  town,  which  was  remarkable. 

In  the  harbour  of  Vancouver,  on  Burrard  Inlet,  piles  of  18"  diameter  Mr.  Peterson, 
are  eaten  through  sometimes  in  a  year,  and  in  a  sawn  section  one  can 
scarcely  find  half  a  square  inch  in  auy  oue  place  of  solid  wood.  The 
holes  are  £"  in  diameter,  and  some  probably  larger.  The  wood  is  just 
as  if  it  had  been  perforated  with  a  series  of  auger  holes.  He  felt  cer- 
tain the  teredo  would  never  reach  the  dam,  there  is  a  great  elevation 
with  a  very  heavy  current.  They  did  uot  find  them  even  where  the 
water  was  brackish. 
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Prof.  Bovey  It  had  been  stated  that  good  cast-iron  would  resist  the  action  of  salt 
water,  but  he  did  not  know  of  a  case  on  record  in  which  it  had  been 
found  to  do  so.  In  a  case  that  had  come  under  his  own  notice  columus 
taken  up  from  foundations  in  salt-water  were  just  like  sponge. 

Mr.  Blackwell.  He  had  not  had  much  experience  with  cast-iron  in  salt  water,  but  had 
seen  cast-iron  taken  out  of  columns  or  piers  just  like  cheese.  That  was 
the  ordinary  gray  cast-iron  of  foundry  casting.  He  would  like  to  know 
something  more  about  these  pipes,  which  he  believed  were  made  in  Glas- 
gow. The  sheet  steel  pipes  had  ends  ri vetted  on  which  were  described 
as  "  white  cast-iron."  There  must  be  something  more  than  that,  be- 
cause if  simply  white  cast-iron  they  would  be  of  no  use  at  all ;  they 
would  be  like  glass,  having  no  tensile  strength.  In  Glasgow  there  were 
several  firms  which  made  a  specialty  of  producing  a  metal  called 
"  McCaffie's  metal " — a  sort  of  white  metal.  In  the  first  place  when 
cast  it  was  like  white  pig,  and  was  then  decarbonized  in  a  furnace,  which 
converted  it  into  a  kind  of  semi-steel.  If  simply  white  metal  they 
would  not  be  fit  for  the  purpose.  It  mi»ht  be  assumed  that  these  joints 
were  made  of  a  material  superior  to  ordinary  "white  pig  "  or  "  white 
cast-iron."  A  little  more  information  regarding  these  joint  castings 
would  be  interesting. 

Mr.  Peterson.  Plenty  of  white  metal  water  pipes  could  be  obt  lined  i'rom  Scotland 
and  the  north  of  England.  He  had  got  some  out  of  pure  white  metal, 
which  were  nearly  useless. 

Mr.  Blackwell.      White  metal  was  useless,  as  it  had  so  very  little  tensile  strength. 

Mr.  Peterson.  When  in  Vancouver  last  year  he  saw  this  cast-iron  pipe,  a  portion  of 
the  wrought-iron  pipe,  and  also  the  valve  that  was  placed  between  the  cast 
and  wrought  iron  pipe.  There  was  a  very  heavy  stream  of  water  pouring 
out,  and  he  was  told  that  the  wrought-iron  pipe  was  not  sufficiently 
strong  to  stand  the  pressure.  Its  thickness  was  less  than  J" — about 
Yg",  and  the  rivets,  he  imagined,  were  about  4"  or  5"  apart.  It  was  a 
very  thin  plate,  and  the  water  was  flowing  in  little  streams  out  of  nearly 
all  the  joints  of  the  sides.  He  believed  that  they  had  since  put  straps 
round  the  pipe  to  hold  it  together,  but  they  had  reduced  the  pressure 
by  means  of  a  safety  valve.  He  was  astonished  to  see  the  small  size  of 
pipes  which  had  been  put  in  for  mains,  viz.  : — 4"  and  2^",  and  he 
thought  this  was  a  mistake.  He  considered  streets  should  have  nothing 
less  than  6"  pipe,  that  is  in  places  where  there  was  to  be  fire  protection. 
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A  4"  pipe  was  not  large  enough,  and  a  hydrant  on  a  2"  pipe,  in  the  case 
of  a  large  fire  with  three  streams  going,  would  be  utterly  useless — there 
would  be  no  water.  It  wis,  however,  a  case  where  the  water  supply 
was  furnished  by  a  company,  which  he  thought  should  never  be  done. 
There  can  be  no  possible  reason  why  every  ciiyor  town  should  not  build 
and  own  its  water  works.  The  corporation  can  certainly  borrow 
money  at  a  lower  rate  of  interest  than  any  company,  and  can  afford  to 
put  in  just  such  distribution  of  pipes  as  are  wanted,  and  the  corporation 
will  then  have  complete  control  of  its  own  streets.  He  knows  of  no 
instance  where  corporations  have  been  supplied  by  water  companies 
in  which  the  supply  has  not  been  unsatisfactory,  or  in  whicli  the  cost  to 
the  citizens  has  not  been  greater  than  if  they  had  had  a  much  more 
liberal  supply  under  their  own  control. 

In  reply  to  the  remarks  of  Mr.  Blohnn,  the  bed  and  banks  of  the  Mr.H.B.  Smith 
Oapilano  having  been,  for  ages  past,  swept  by  flood  currents  of  great 
velocity,  all  loose  boulders  have  Ion;:  since  been  carried  away,  leaving 
the  larger  boulders  so  interlocked  that  it  is  rarely,  and  only  in  extreme 
floods,  that  one  is  loosened  and  carried  down  Stream.  In  the  000186  of 
years,  it  is  probable  that  detritus  from  the  banks  may  lodge  itself  iu 
front  of  the  dam  ;  but,  should  this  accumulate  to  any  inconvenient 
extent,  it  can  be  readily  removed,  and  at  small  expense.  In  the  ordin- 
ary quiescent  state  of  the  river,  when  the  current  dues  not  exceed  5 
miles  per  hour,  it  is  not  probable  that  Btones  or  good-sued  boulders,  as 
jested  by  Mr.  Mohun,  are  in  motion  along  the  bed  of  the  Stream. 
Smeaton's  observations  go  to  prove  that  a  velocity  of  11A  feet  per 
secund  will  not  derange  quarry  rubble  stones  not  exceeding  half  a  cubic 
foot. 

The  considerations  which  decided  the  construction  of  a  dam  and 
reservoir  at  the  point  of  supply  were  as  follows:  —  A  pressure  aa  nearly 
uniform  and  invariable  as  possible  would  be  obtained.  There  would 
be  a  direct  gain  of  11  feet  of  head,  which  would  allow  the  system  to  be 
carried  through  the  rock  bluff  at  the  end  of  the  22  inch  main,  by  means 
of  a  tunnel  of  moderate  length.  To  obtain  the  same  head  without  a 
dam,  the  22  inch  main  would  have  to  be  extended  at  least  1,500  feet 
further  up  stream,  under  conditions  which  presented  features  especially 
unfavourable  for  pipe  laying,  and  for  the  permanency  of  the  pip  - 
when  laid.  By  reference  to  plate  XVI.,  it  will  be  seen  that,  at  a 
point  1,500  feet  above  the  present  dam,  the  channel  of  the  river  is  not 
confined  to  one  permanent  position.  Moreover,  as  the  eastern  branch, 
at  the  present  period,  is  dry  at  low  water,  and  the  island  between  the 
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channels  is  invariably  flooded  at  high  water,  an  extension  of  the  22  inch 
main  above  the  dam  must  necessarily  cross  the  western  branch  to  its 
western  side,  and  following  that  side,  where  the  banks  are  high  and 
rock  in  situ  is  exposed,  reach  a  point  where  works  for  an  entry  conduit 
of  a  safe  and  reliable  character,  during  all  stages  of  the  river,  would  be 
of  a  costly  nature. 

Finally,  as  the  Capilano  is  a  stream  which  has  only  become  known 
since  the  construction  of  the  water  works,  reliable  data  as  to  the  lowest 
possible  stage  of  water  are  still  wanting.  It  is  impossible  to  say  with 
certainty  what  changes  in  its  volume  may  occur  in  the  future ;  more 
especially  when  it  is  taken  into  account  that  its  banks  maybe  denuded 
of  timber  by  forest  fires  and  the  improvements  of  settlers,  and  that  at 
any  season  the  snowfall  in  the  mountains,  on  which  its  very  existence 
depends,  might  be  very  much  less  than  it  has  ever  been  known  to  be. 
Giving  due  weight  to  these  considerations,  no  doubt  Mr.  Mohun  will 
acquiesce  in  the  opinion  that  the  dam  is  a  very  valuable  addition  to 
the  system. 

Several  lengths  of  steel  main  in  the  low  lying  parts  of  the  system 
subject  to  full  head,  when  first  laid,  developed  leaks  more  or  less  annoy- 
ing. These  leaks  were,  however,  overcome  in  the  usual  manner,  by 
means  of  cast-iron  lugs,  leaded  and  caulked,  and  by  the  substitution 
of  new  lengths  where  the  originals  were  leaky  enough  to  warrant  this 
step.  The  Iron  Works  Company,  who  furnished  the  pipes,  under  con- 
tract for  manufacturing,  laying,  and  maintaining  the  line  of  mains  for 
two  months  after  completion,  were  solely  responsible  for  the  leaks;  and 
it  is  worthy  of  note  that  the  substituted  lengths,  made  by  them  from 
the  same  design  as  the  original  leaky  ones,  were  found  to  be  entirely 
satisfactory,  showing  that  the  leaks  in  the  original  lengths  arose,  not 
from  the  character  of  the  pipes  used,  but  from  some  fault  in  the  con- 
struction of  these  lengths.  The  Victoria  Water- Works,  for  which  the 
same  company  subsequently  made  and  laid  a  main  exactly  similar  in 
all  its  details,  is  no  parallel  case,  the  total  head  of  that  system  being 
under  200  feet. 

When  the  break  in  the  submerged  main  occurred,  the  writer  was  in 
England,  and  can  give  no  account  of  it  from  personal  knowledge.  All 
the  evidence  in  his  possession  goes  to  prove  that  it  was  a  break  pure 
and  simple,  due  to  a  severe  water  ram  created  by  a  too  sudden  closing 
of  the  hydrants,  and  acting  upon  a  defective  pipe  casting.  The  outer 
and  inner  skins  of  the  metal  at  the  point  of  rupture  were  found  to  be  as 
perfect  as  on  the  day  of  immersion,  15  months  previously,  proving  con- 
clusively that  the  action  of  the  salt  water  had  had  no  deteriorating 
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effects.  There  appeared,  however,  in  the  centre  of  the  fracture,  a 
globular  mass,  showing  a  check  by  cooling  or  some  other  cause,  which 
had  prevented  a  proper  fusion  of  the  metal  during  the  process  of  cast- 
ing. The  fracture  beyond  the  flaw  showed  the  hard,  close-grained, 
white  surface  of  a  casting  of  good  quality. 

Inasmuch  as  there  has  been  a  great  diversity  of  opinion,  and  so 
much  has  been  written  and  spoken  as  to  the  possibility  of  repairing  a 
break  in  the  submerged  main,  it  is  fortunate  that  this  accident  occurred 
at  the  time  it  did,  as  it  has  demonstrated  beyond  question,  even  to  the 
most  sceptical  mind,  that  this  part  of  the  system  can  be  got  at  and 
repaired  almost  as  readily  as  any  other  part.  Although,  on  this  occa- 
sion, the  city  was  deprived  of  its  water  supply  for  a  period  of  eight 
days,  this  was  not  due  to  the  difficulty  of  effecting  actual  repairs,  but 
to  the  unusually  stormy  weather  which  unfortunately  prevailed  at  the 
time  of  the  occurrence,  preventing  the  company's  divers  from  locating 
the  leak.  As  soon  as  this  was  done,  the  necessary  repairs  were  accom- 
plished within  24  hours.  Under  the  ordinary  summer  and  wiuter  con- 
ditions appertaining  to  Burrard  Inlet,  any  similar  leak  can  be  repaired 
in  the  same  or  possibly  a  less  period  of  time. 

There  can  be  no  doubt  that  had  Mr.  Reefer's  recommendation  (that 
automatic  blow-offs  be  placed  at  each  end  of  the  submerged  main)  been 
adopted,  the  possibility  of  a  break  from  water  ram,  even  under  the 
conditions  described,  would  have  been  greatly  Lessened ;  and  had  the 
general  plan  of  the  system  been  carried  out  in  its  entirety  before  the 
works  were  put  in  operation,  such  a  break  would  have  caused  no  incon- 
venience whatever  to  the  city.  It  is  even  doubtful  whether  the  citizens 
would  have  been  aware  of  its  occurrence.  By  referring  to  plate  XVIII, 
it  will  be  seen  that  the  general  plan  provides  for  duplicate  mains  at  the 
Narrows — one  of  cast-iron  (laid)  and  one  of  steel  (to  be  laid).  With- 
out presuming  to  criticise  the  action  of  the  company  in  not  having 
completed  the  crossing  of  the  Narrows,  as  designed,  up  to  the  time  of 
the  break,  there  can  be  no  doubt  that  it  would  have  been  well  had  they 
done  so.  At  the  same  time,  it  must  be  conceded  by  all  disinterested 
parties,  that,  as  Vancouver  is  a  young  city,  with  as  yet  a  small  popula- 
tion, the  citizens  deserve  every  credit  for  the  energy  already  displayed, 
and  for  the  confidence  they  have  expressed  in  the  future  progress  of  the 
city,  by  risking  so  much  private  capital  in  completing  the  system  all 
but  this  one  link,  the  more  so  as  the  chance  of  a  break  was  infinitesimal. 
Since  the  occurrence  of  the  accident,  pipes  have  been  ordered  and 
tenders  invited  for  the  laying  of  the  duplicate  main. 

The  method  proposed  by  Mr.  Mohuu,  for  protecting  the  single  sub- 
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merged  main  from  ships'  anchors,  is  not  a  new  idea.  From  the  incep- 
tion of  the  scheme,  it  was  intended,  should  circumstances  render  it 
advisable,  to  insure  the  safety  of  the  pipes  by  a  covering  of  concrete  in 
sacks.  In  the  present  instance,  however,  the  pipe  shell  being  of  great 
strength,  and  to  a  large  extent  imbedded  in  the  soft  sandstone  bottom 
of  the  Narrows,  it  is  a  matter  of  opinion  whether  such  a  costly  addition 
to  the  works  would  have  been  advisable ;  the  more  so,  as  the  author  is 
not  aware  that  this  or  any  other  protection  has  been  adopted  in  the  case 
of  the  submerged  mains  of  other  systems. 

Mr.  Summerfield  is  labouring  under  a  misapprehension  when  he 
quotes  the  Vancouver  Water  Works  system  as  an  example  of  the 
tendency  amongst  engineers  to  exact  too  much  from  mild  steel.  To  make 
good  this  assertion,  he  has  endeavoured  to  show  that  the  factors  of 
safety  of  the  22  inch  and  1 6  inch  mains  are  respectively  6  and  3£, 
assuming  the  ultimate  tensile  strength  of  mild  steel  at  60,000  lbs.  per 
square  inch,  with  a  loss  of  30  percent,  for  double  rivetting,  and  that,  with 
these  factors  of  safety,  no  great  amount  of  corrosion  can  take  place. 

The  tensile  strength  of  the  mild  steel  employed  in  the  construction 

of  the  mains  in  question  is,   as  per  contract,  72,000  lbs.  per  square 

inch  ;  60,000  lbs.  being  little  more  than  is  ordinarily  allowed  for  rolled 

wrought-iron  plates  of  the  best  quality.     The  double  rivetting  of  the 

horizontal  seams  has  been  so  designed  that  75  per  cent,   of  the  full 

strength  of  the  plates  has  been  retained.     The  ultimate  strength  of  the 

22  inch  main  -LL  of  an  inch  thick  is,   therefore,  540  pounds.     This 

main,  being  subject  to  a  maximum  pressure  of  71  lbs.  per  sq.  inch,  has 

consequently  a  factor  of  safety  against  rupture  at  the  horizontal  seams 

of  7^-  instead  of  6. 

The  ultimate  strength  of  the  16  inch  main,  -14-  of  an  inch  thick,  is 
■  ..lno  . 

743  pounds.     The  maximum  pressure  it  is  called  upon  to  withstand 

at  its  lowest  levels  (which  it  may  be  here  mentioned  form  but  a  small 
part  of  its  whole  length,  and  are  so  situated  as  to  be  easy  of  access 
both  for  inspection  and  repairs)  is  180  pounds  per  sq.  inch.  Its 
factor  of  safety  against  rupture  at  the  horizontal  seams  is,  therefore, 
4y-^,  instead  of  34;. 

These  calculations  refer  to  the  ultimate  strengths  of  the  mains  at 
their  weakest  part,  namely,  the  double  rivetted  horizontal  seams.  As 
far  as  corrosion  is  concerned,  and  this  is  what  Mr.  Summerfield  more 
particularly  refers  to,  the  seams,  being  of  two  thicknesses  of  metal, 
are  the  strongest  parts  of  the  pipe.  The  shell  will  be  the  first  to  give 
way  under  this  cause ;  and,  in  calculating  factors  of  safety  with  refer- 
ence to  corrosion,  the  full  strength  of  the  plate  must  be  allowed. 
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These  factors  may  readily  be  ascertained  to  be  10  and  5i  for  the  22 
inch  and  16  inch  mains,  respectively.  The  author  is  of  opinion  that 
these  results  give  satisfactory  evidence  of  the  permanent  safety  of  the 
mains,  and  in  support  of  this  opinion  would  mention,  that  in  the 
Pacific  States  of  the  Union  long  systems  of  rivetted  wrought  iron 
pipes  have  been  in  constant  and  satisfactory  use  for  many  years,  under 
pressures  sometimes  as  great  as  one-half  their  ultimate  strength. 

In  connection  with  this  subject,  the  following  table,  showing  the 
strengths  and  pressures  in  the  various  parts  of  the  Virginia  City, 
Nevada,  supply  main,  11  ^  inches  diameter  and  37,000  feet  in  length, 
may  be  of  some  interest. 

VIRGINIA  CITY,  NEVADA,  RIVETTED  WROUGHT  IRON  SUPPLY  MAIN. 
,     Ultimate  strength  55,000  lbs.  per  sq.  inch,  less  30  p.c.  for  double  rivetting. 


Head  in  feet. 


Extreme  pressure  in  lbs 
per  inch 

Thickness  in  inches.... 

Ultimate  strength  in  ll>.^ 
per  s<j.  inch 

Factor  of  Bafetv 


0 
to 
200 


200[  330i  430 1  570 
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L2601400over 


643 
,220 


259  .  340 


666    72t    B03    991  lJn."  1  17::  17:;  I  2276 
2.962.932.64  2.402.64  2.71  2 


It  may  be  here  incidentally  mentioned  that,  in  a  recent  publication 
of  the  London  Steel  Pipe  Company,   issued   under  the  auspi 
Messrs.   Russell   Duncan   and    11.  ('.  Mylne.  Associate    Member-  In>t. 
C.E.,  it  is  stated  :  "  Wrought-iron  pipes  have  been  extensively  used  in 

the  States,  and  it  has  been  proved  that  no  risks  arc  run  from  fear  of 
corrosion.  Hundreds  of  miles  of  wrought  iron  pipes  have  been  used 
for  periods  extending  to  over  30  years,  and  no  indications  are  shown 
of  injurious  oxidation.  Iu  some  cases  the  pipes  have  b • .  u  used  with- 
out coating  of  any  kind,  in  others  they  have  been  coated  with  natural 
asphaltum,  which  is  the  common  method  of  coating  pipes  in  the 
United  States.  Under  ordinary  conditions,  the  coating  of  natural 
asphaltum  is  not  affected  by  water,  earth,  or  atmosphere." 

In  May  of  this  year,  1890,  14  months  after  the  opening  of  the 
Vancouver  system,  an  official  examination  of  the  Bteel  mains  was 
made  for  the  purpose  of  ascertaining  to  what  extent  corrosion  had 
taken  place.  The  earth  covering  was  removed  at  numerous  points 
along  the  line,  and  the  pipes  and  castings  closely  examined  without  an 
indication  of  oxidation  being  found. 
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The  number  of  horizontal  bends  in  the  22  inch  main  is  33,  and  in 
the  16  inch  main  103.  Of  vertical  bends  the  22  inch  main  has  20, 
none  of  which  exceed  10  degrees  deflection;  and  the  16  inch  main  23, 
none  exceeding  15  degrees  deflection.  As  is  the  case  in  all  properly 
constructed  systems,  every  elevation  of  any  magnitude  is  tapped  by  an 
air-cock ;  a  fact,  which,  though  not  mentioned  in  the  paper  on  the 
Vancouver  Water  Works,  was  so  obviously  necessary,  that  it  might 
have  been  taken  for  granted.  The  profile  of  the  22  inch  main  from 
the  dam  to  the  blow-off  at  the  tunnel,  a  distance  of  2J  miles,  is  very 
uniform.  Naturally  the  greater  part  of  any  sediment  brought  down 
from  the  well  chambers  will  be  deposited  in  tbis  main.  The  8  inch 
blow-off  is  amply  sufficient  to  flush  it  when  required. 

The  greater  number  of  the  vertical  bends  in  the  16  inch  main  are 
located  in  the  first  8,000  feet  beyond  the  tunnel,  where  the  pipe  line 
passes  over  unavoidable  sidehill.  Whatever  small  proportion  of 
sediment  may  be  carried  past  the  deep  depression,  where  the  blow-off 
at  the  tunnel  is  situated,  into  the  16  inch  main,  will  be  of  minute 
particles,  and  will  have  little  opportunity  to  settle  in  the  bends,  inas- 
much as  the  velocity  of  flow  in  that  main  is  5  6  feet  per  second,  a 
velocity  amply  sufficient  to  keep  fine  particles  in  a  constant  state  of 
progression  towards  the  8  inch  blow-off  at  Burrard  Inlet.  However, 
should  an  accumulation  of  silt  from  some  unexpected  cause  take 
place  at  any  of  these  bends,  the  deposit  may  readily  and  with  reason- 
able expense  be  removed  by  the  ordinary  means  adopted  in  such  cases, 
such  as  self-acting  scrapers,  spring  gouges,  etc. 

Mr.  Summerfield  unhesitatingly  states  that  it  is  very  evident,  from 
the  description  given  of  the  turning  on  of  the  water,  that  "  water  ram 
and  air  compression  were  treated  as  a  myth."  This  is,  to  say  the 
least,  a  hasty  and  ill-considered  assertion,  in  no  wise  warranted  by 
the  account  given.  It  is  evident  that,  in  this  instance,  he  has  pictured 
to  himself  a  system  of  water  works,  being  opened  for  the  first  time 
with  a  full  velocity  of  water  flowing,  and  every  air-valve  and  blow-off 
closed.  This  portion  of  the  paper  was  necessarily  brief,  and  did  not 
contain  details  minute  enough  to  give  a  full  and  complete  des- 
cription of  how  the  work  was  accomplished.  Moreover,  Mr.  Sum- 
merfield, although  he  makes  no  mention  of  the  fact,  may  have 
been  led  somewhat  astray  by  a  clerical  error  which  appears  to  have 
crept  into  the  manuscript  or  print.  In  the  latter  it  is  stated — "  at 
9.45  p.m.  the  water  reached  the  closed  12  inch  valves  on  the  north 
shore  of  Burrard  Inlet."  For  "  valves  "  should  be  read  valve.  If 
this  faulty  paragraph  had  anything  to  do  with  the  misunderstanding 
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which  seems  to  have  occurred,  it  is  to  be  regretted.  But,  in  any  case, 
in  order  that  a  dear  conception  be  obtained  of  the  manner  in  which  the 
maind  were  first  filled,  the  following  more  minute  description  is  given. 

When  it  was  decided  to  make  a  test  trial  of  the  line  of  mains,  the 
gate  at  the  well  chambers  of  the  dam  was  lifted  high  enough  to  expose 
a  segment  of  the  22  inch  main  3  inches  deep ;  the  8  inch  blow-off  at 
the  tunnel  and  all  the  air-valves  being  wide  open.  By  means  of 
these,  the  air  was  expelled,  the  incoming  water  occupying  its  place, 
and  very  gradually  filling  up  the  main  until  it  was  discharging  freely 
through  the  blow  off.  The  22  inch  main  was  allowed  to  continue  in 
this  state  for  a  period  of  48  hours.  No  breakage  or  sign  of  leakage 
having  taken  place,  the  gate  at  the  well  chambers  was  lifted  from  time 
to  time,  until,  on  the  5th  day  from  the  first  partial  opening,  it  was 
opened  wide,  the  water  in  the  main  discharging  freely  through  the  8 
inch  blow-off. 

This  trial  being  so  satisfactory,  it  was  then  decided  to  test  the  16 
inch  main.  The  8  inch  blow-off,  before  mentioned,  was  partially 
closed,  and  the  water  allowed  to  rise  up  the  steep  incline  to  the  tunnel, 
until  that  part  of  the  22  inch  main  passing  through  the  tunnel,  and 
connecting  with  the  16  inch  main,  was  filled  one  quarter  full.  How 
very  slowly  this  was  accomplished  will  be  understood  from  the  fact 
that,  although  the  22  inch  main  was  nearly  full  up  to  the  8  inch  blow- 
off,  it  required  two  hours  from  the  time  of  partially  closing  that 
blow-off  to  reach  the  floor  of  the  tunnel.  The  22  inch  main  was  not 
allowed  to  exceed  about  one-quarter  full,  but  was  maintained  at  this 
level,  slowly  and  uniformly  filling  up  the  16  inch  main,  until  it  was 
discharging  freely  by  means  of  one  of  its  12  inch  valves  and  the  8 
inch  blow-off  at  Burrard  Inlet,  the  other  12  inch  valve  being  kept 
closed  in  order  to  prevent  the  water  entering  the  12  inch  main  under 
the  narrows.  As  in  the  case  of  the  22  inch  main,  all  air-valves  were 
kept  wide  open,  allowing  free  vent  for  the  escape  of  air,  and  affording 
absolutely  no  opportunity  for  air  compression  or  hydraulic  ram. 

It  is  much  to  be  regretted  that  Mr.  Summerfield  cannot  be  gratified 
in  his  desire  for  information  as  to  the  behaviour  of  the  16  inch  main, 
under  such  (very  contradictory)  conditions  as  "  a  full  head  of  water 
flowing  with  a  velocity  of  1.4  feet  per  second."  As  Mr.  Summerfield 
calculated  the  velocity  with  which  the  water  in  this  main  travelled 
during  the  test  trial,  using  the  time  and  distance  given  in  the  paper, 
it  is  somewhat  surprising  that  he  did  not  also  calculate  the  velocity 
due  to  the  head  and  length,  and  thus  avoid  the  error  into  which  he 
appears  to  have  fallen.     From   the  data  at  his  disposal,  he  might 
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readily  have  deduced,  that,  under  a  full  head  of  water,  the  velocity  of 
discharge  at  the  termination  of  the  main  in  the  city  is  5  -^  feet  per 
second.  But,  as  the  portion  referred  to  in  the  present  instance  is 
only  that  between  the  tunnel  and  Burrard  Inlet,  if  a  full  head  of 
water  had  been  allowed  to  enter  the  16  inch  main  at  the  tunnel,  the 
velocity  of  out-flow  would  have  been  found  to  greatly  exceed  5  -§-  feet 
per  second,  using  as  data  the  total  fall  388  feet,  and  total  length 
19,320  feet,  between  these  two  points. 

Had  Mr.  Summerfield  ascertained  these  facts,  he  could  not  have 
fallen  into  the  rather  extraordinary  belief  that  water  ram  and  air 
compression  had  been  treated  as  a  myth ;  and  it  may  be  here  men- 
tioned, that,  had  both  12  inch  valves  been  closed,  and  only  the  air- 
valves  along  the  line  and  the  8  inch  blow-off  at  Burrard  Inlet  been 
open,  these  latter  would  have  been  amply  sufficient  for  the  discharge 
of  air  and  the  prevention  of  hydraulic  ram. 

The  day  following  the  turning  on  of  the  water,  a  thorough  examina- 
tion of  the  whole  line  of  mains  from  Burrard  Inlet  to  the  dam  was 
made.  Throughout  the  whole  distance,  no  sign  of  leakage  was 
apparent.  Mr.  Summerfield's  inferences  that  "something  occurred'' 
are  without  foundation. 

The  reducing  tank  referred  to  is  entirely  temporary,  having  been 
built  solely  to  relieve  the  pressure  on  certain  defective  pipe  lengths  in 
the  lower  levels  of  the  system,  until  new  lengths  could  be  manufac- 
tured and  substituted. 

With  reference  to  the  remarks  of  Mr.  Russell  Duncan,  in  a  com- 
parison between  steel  pipes  jointed  by  the  Moore  and  Smith  joint,  and 
those  jointed  by  means  of  faucets  and  spigots  attached  to  the  shell, 
the  word  "  cumbersome  "  was  used  in  reference  to  the  latter.  This 
was  a  general  expression,  and  not  intended  to  particularize  any 
individual  joint,  such  as  the  Riley  patent  referred  to  by  Mr.  Duncan, 
and  it  may  have  been  used  without  due  consideration. 

It  is  merely  a  matter  of  opinion,  which  is  the  simpler  joint  of  the 
two ;  but  on  comparing  them,  it  certainly  seems  that  a  joint  consisting 
of  a  plain  nipple  and  ring  is  simpler  and  more  easily  handled  than  a 
joint  made  in  imitation  of  ordinary  cast-iron  joints. 

Without  details  of  the  particular  joint  referred  to  by  Mr.  Duncan, 
it  cannot  be  determined  whether  it  requires  a  less  quantity  of  lead,  as 
he  avers,  than  the  Moore  and  Smith  joint ;  but  it  is  open  to  question, 
whether  any  safe  spigot  and  faucet  joint  can  be  designed  for  16  inch  or 
22  inch  pipes,  which  will  require  less  lead  than  27T\  lbs.  and  37  _L_ 
lbs.,  respectively,  the  amounts  used  in  the  Vancouver  water  works  for 
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these  diameters.  In  the  pamphlet  issued  by  the  London  Steel  Pipe 
Company,  it  is  claimed  that  the  steel  spigot  and  faucet  joint  of  a  24 
inch  pipe  requires  9^-  per  cent,  less  lead  than  the  joint  of  a  cast  iron 
pipe  of  the  same  diameter.     (See  author's  paper,  page  337.) 

According  to  American  practice,  a  cast-iron  joint  for  a  24  inch  pipe 
would  require  not  less  than  50  lbs.  of  lead  ;  consequently,  Mr.  Duncan's 
joint  for  the  same  diameter  would  require  50  lbs.  less  9J  per  cent.,  or 
45^  lbs.  But  it  can  be  easily  calculated  that  a  Moore  and  Smith  joint 
for  a  21  inch  steel  main  i-L  of  an  inch  thick  with  J-  inch  thickness  of 
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lead,  the  usual  allowance,  would  require  only  39^  lbs.  It  appears, 
therefore,  that  in  the  case  of  a  24  inch  pipe,  according  to  the  London 
Steel  Pipe  Company's  pamphlet,  as  applied  to  American  practice,  the 
Moore  and  Smith  joint  requires  5f  lbs.  less  lead  than  the  spigot  and 
faucet  joint  recommended  by  them. 

As  for  great  flexibility  at  the  joints,  it  is  not  advisable  in  any  sys- 
tem of  water  works  to  make  with  large  mains  much  angular  deviation, 
without  special  castings.  It  is  not  necessary,  however,  with  the  Moore 
and  Smith  joint  to  lay  the  pipes  in  a  perfectly  straight  line,  as  claimed 
by  Mr.  Duncan,  contrary  to  the  description  given.  It  will,  on  occa- 
sion, admit  of  deflection  to  the  extent  of  one  degree  per  length.  In 
the  case  of  24  feet  lengths,  this  would  form  an  8  degree  curve  of  716 
feet  radius.  Without  actual  knowledge  of  such  curves  having  been  put 
in  practice,  it  would  be  unwise  to  express  an  opinion  as  to  their  suit- 
ability; but  there  can  be  no  question,  that  by  means  of  this  joint,  such 
a  curve  as  that  on  the  Tay  Viaduct,  alluded  to  by  Mr.  Duncan,  round 
which  his  9  inch  spigot  and  faucet  pipe  was  laid,  can  be  easily  over- 
come, it  being  only  a  4"  10'  curve  with  a  radius  of  1386  feet. 

The  nipple  of  the  Moore  and  Smith  joint  in  the  Vancouver  Water 
Works  pipes  does  not  decrease  the  internal  diameter  of  the  pipes  at 
the  joints  ;  but  in  thickness  of  pipe  shell  over  !UL  of  an  inch  actually 
increases  it.  Had  careful  consideration  been  given  to  the  drawing 
(Plate  XX),  there  could  have  been  no  misconception  on  this  point.  It 
is  there  plainly  shown,  that  the  end  courses  of  each  pipe  length  are 
large  or  outer  courses.  The  nipple  being  inserted  in  the  end  of  a  large 
course  must,  therefore,  when  of  the  same  thickness  as  the  shell,  have  the 
same  inside  diameter  as  the  inner  or  small  course,  which,  it  is  unneces- 
sary to  state,  is  the  governing  diameter  of  the  pipe.  The  nipple  adds 
greatly  to  the  stiffness  of  the  shell  at  the  joint,  but  having  no  water 
pressure  to  withstand  is,  for  economy  sake,  usually  made  of  thin  mate- 
rial, so  that,  in  the  case  of  a  thick  pipe  shell,  the  inside  diameter  at 
the  joint  is  greater  than  the  governing  diameter. 
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The  reply  given  to  Mr.  Summerfield  fully  answers  Mr.  Duncan's 
doubts  as  to  the  strength  of  the  16  and  22  inch  mains  in  comparison 
with  ordinary  Californian  practice.  When  he  reviews  this  subject,  it 
would  be  well  to  bear  in  mind  that  there  is  no  equality  of  strength 
between  wrought  iron  and  steel. 

The  omission  of  mention  of  the  test  pressures  imposed  on  the 
mains  was  an  oversight.  The  engineer's  specification,  and  the  com- 
pany's agreement  with  the  contractors  for  supplying  and  laying  the  steel 
mains,  provided  that  the  pipes  should  withstand  safely  and  without 
leakage  a  column  of  water  600  feet  high  or  260  lbs.  pressure  to  the 
square  inch ;  and  in  order  to  insure  the  application  of  proof  tests  by  the 
contractors,  a  special  clause  bound  them  to  maintain  and  keep  the 
whole  system  perfectly  tight  for  two  months  after  completion.  So  far  as 
the  engineers  are  concerned,  these  are  the  terms  of  the  contract  to  this 
day.  It  will  be  admitted  that  no  more  stringent  agreement  for  the 
laying  of  properly  tested  pipes  could  have  been  entered  into. 

Full  details  of  the  rivetting  of  the  12  inch,  16  inch,  and  22  inch  mains 
in  the  form  of  a  table  headed,  "  Details  of  Rivetted  Steel  Mains," 
accompanied  the  paper  under  discussion,  when  forwarded  to  the  Society. 
That  this  table  did  not  appear  in  the  advance  proof  is  to  be  regretted. 
However,  it  has  now  been  embodied  in  the  appendix  to  the  paper,  Vol. 
III.,  page  361. 

Mr.  Duncan's  inferences  and  quotations  from  the  author's  letter  to 
him  are  liable  to  mislead. 

Immediately  after  the  successful  turning  on  of  the  water,  the  con- 
cluding portion  of  the  paper,  in  which  the  account  appears,  was  written, 
and  the  whole  forwarded  to  the  Society.  There  is  nothing  in  this 
account  at  variance  with  the  facts  contained  in  the  letter  of  April  13th. 
The  primary  leaks  which  were  discovered  up  to  the  time  of  forwarding 
the  paper  to  the  Society  were  being  readily  repaired  in  the  manner 
described.  But,  on  the  second  day  after  the  main  had  been  put  under 
full  pressure,  leaks  developed  themselves  in  the  low-lying  parts  of  the 
system,  of  an  altogether  different  nature,  and  too  numerous  to  be  eco- 
nomically repaired  in  the  same  manner.  The  extracts  quoted  by  Mr. 
Duncan  were  not  intended  by  the  author  to  reflect  in  any  way  on  the 
character  of  the  mains,  as  would  be  plainly  seen  were  the  latter  given 
in  full.  The  information  afforded  him  was  to  serve  as  data  on  which 
to  answer  the  questions,  whether  in  his  experience  he  had  ever  known 
a  jet  of  water  forced  out  between  the  laps  of  a  rivetted  pipe  to  actu- 
ally cut  the  shell  of  the  pipe  beyond  the  laps,  and,  if  so,  what  remedies 
were  adopted  by  him  ?  This  was  what  had  occurred  in  the  Vancouver 
system,  after  the  paper  had  left  the  author's  possession. 


Discussion  on   Vancouver  Water  Works.  25 

Mr.  Duncan  in  bis  reply  could  state  no  similar  case ;  but  very 
kindly  advanced  many  theories,  among  which  were  the  following  : — ■ 
"  That  an  hydraulic  ram  had  occurred ;  that  the  rivetting  of  the  seams 
was  faulty ;  that  the  plates  were  not  laid  flat  together  at  the  seams ; 
that  there  may  have  been  burrs  left  at  the  rivet  holes  ;  that  in  caulking, 
the  edge  of  the  plate  may  have  been  upset  so  as  to  spring  one  plate 
more  than  another  ;  and  that  the  rivets  may  have  been  pitched  too  far 
apart."  Any  one  of  these  causes  would  have  been  sufficient  reason  for 
leakage  between  the  laps,  but  would  not  account  for  the  cutting  of  the 
steel  plates  beyond  the  laps,  which  was  the  point  upon  which  informa- 
tion was  desired.  The  most  probable  explanation  of  this  phenomenon, 
of  a  water  jet  apparently  cutting  steel,  is  that,  in  rivetting  the  plates 
together,  too  much  power  was  used,  the  effect  being  to  compress  the 
plates  at  the  rivets,  and  to  buckle  them  in  the  intervals  between,  thus 
allowing  the  water  when  under  full  pressure  to  be  forced  out  with  great 
velocity.  As  the  soil  in  which  the  injured  pipe  lengths  are  laid  is 
nearly  pure  sand,  the  sand  particles  mixed  with  the  escaping  jets,  and 
being  kept  in  constant  motion,  acted  as  sand  blasts  at  the  points  where 
the  jets  struck  the  ohell  just  beyond  the  laps.  This  theory  is  supported 
by  the  fact,  that  the  pipe  shells  were  not  cut  where  the  excavations  were 
in  earth  or  clay,  and  that  part  of  the  12  inch  steel  main  which  was  un- 
covered, though  leaking  at  several  laps,  showed  no  sign  of  abrasion.  It 
has  since  been  learned  that  similar  occurrences  have  taken  place  in 
eastern  cities,  where  the  practice  is,  either  to  box  the  mains,  or  remove 
the  sand  and  substitute  clay. 

Answers  to  the  queries  proposed  by  Mr.  Duncan  as  to  rivetting, 
coating,  etc.,  etc.,  are  to  be  found  in  the  paper. 

With  reference  to  the  statement  that  the  pipe  lengths  being  23/  9f ', 
four  courses  would  have  been  preferable  to  seven  in  the  manufacture  of 
each  length,  it  may  be  briefly  replied,  that  four  courses  would  not  have 
answered  in  the  kind  of  pipe  used.  In  order  to  admit  of  a  nipple  which 
would  not  lessen  the  governing  diameter  of  the  main,  it  was  necessary 
that  a  large  or  outer  course  should  be  at  each  end  of  each  length.  This 
could  only  be  (see  Plate  XX.)  when  each  length  consisted  of  2,  5,  or  7 
courses.  The  "preferable  pipe"  of  4  courses  would  have  had  a  small 
coui'se  at  one  end,  which  would  not  have  received  a  nipple,  except  of 
lese  diameter  than  itself.  If  a  nipple  were  dispensed  with,  and  the 
smaller  course  forced  into  the  larger,  this  latter,  overlapping  the  other, 
would  make  the  thickness  of  lead,  at  each  side  of  the  junction,  unequal. 

As  to  its  being  bad  practice  to  make  up  each  pipe  length  of  7  courses 
of  so-called  small  plates,  this  is  a  matter  of  opinion,  and  not  warranted 
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by  custom  on  the  Pacific  Coast.  The  pipes  of  the  Vancouver  system 
have  been  endorsed  by  the  best  authority  in  California,  and  as  a  nota- 
ble example  of  similar  design,  the  36  inch  wrought  iron  main  of  the 
Spring  Valley  Water  Works,  Cal.,  may  be  cited.  The  specification  of 
this  pipe  calls  for  plates  116"  x  4-4". 

It  is  a  questionable  statement,  ?nd  unsupported  by  proof,  to  say  that 
caulking  the  seams  as  described  tends  to  aggravate  leaks.  Experience 
on  this  coast  has  shown  that,  to  obtain  perfectly  tight  seams,  chipping, 
caulking  and  split  caulking  are  necessary.  A  reference  to  the  specifi- 
cation of  the  Spring  Valley  Water  Works,  California,  and  the  Portland 
Water  Works,  Oregon,  will  give  further  information  on  this  point. 

The  spigot  and  faucet  joint,  having  only  one  surface  to  be  caulked, 
requires  less  labour  in  laying  than  the  Moore  and  Smith  joint,  which, 
owing  to  its  simple  construction,  has  two  surfaces.  This  advantage, 
however,  is  more  than  counterbalanced  by  the  original  labour  of  mak- 
ing the  spigots  and  faucets,  and  attaching  them  to  the  shell.  Had 
the  cost  of  these  details  been  given,  a  satisfactory  comparison  could 
have  been  made,  which  might  not  have  been  unfavorable  to  the  Moore 
and  Smith  joint. 

The  statement  made,  that  in  the  Riley  patent  socket  joint  it  is  not 
found  that  the  shell  is  bent  inward  by  caulking,  as  is  the  case  with  the 
Moore  and  Smith  joint  described  in  the  paper,  is  misleading.  The 
paper  merely  says:  "  That  if  the  lead  is  beaten  between  the  ring  and 
the  pipe  too  tightly,  the  shell  of  the  latter  will  bend  inward ;  and  that 
it  is  necessary  to  caution  inexperienced  caulkers  with  regard  to  this." 
But  in  the  hands  of  caulkers  who  have  learned  their  business,  the 
Moore  and  Smith  joint  is  as  free  from  liability  to  defective  workman- 
ship as  any  other  joint;  an  assertion  which  is  amply  proved  by  the 
fact  that  in  the  Vancouver  Water  Works  system,  after  the  pipes  had 
been  subjected  to  a  full  pressure  for  several  weeks,  no  joint  in  the 
whole  length  of  10  miles  was  found  to  leak. 

Mr.  Duncan  claims  that  owing  to  the  spigot  end  of  the  socket  joint 
pipe  being  made  50  per  cent,  thicker  than  the  shell,  no  pressure 
imposed  in  caulking  will  indent  it.  This  is  somewhat  strange,  seeing 
that  he  admits  the  possibility  of  the  shell  of  the  Moore  and  Smith 
joint  pipe  being  bent,  where  the  extra  thickness  exposed  to  the  pressure 
of  caulking  is  often,  as  in  the  case  of  the  Vancouver  mains,  100  per 
cent.  In  the  latter  joint,  a  nipple  or  ring  5  inches  wide,  and  of  the 
same  thickness  as  the  pipe  shell,  is  closely  fitted  to  the  interior  surface 
of  the  pipe,  directly  under  the  4  inch  ring  of  lead  to  be  caulked,  thus 
doubling  the  thickness  of  metal  exposed  to  the  pressure  of  caulking. 
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Mr.  Duncan's  concluding  observations  afford  very  valuable  informa- 
tion as  to  the  manufacture  of  pipes  by  the  London  Steel  Pipe  Com- 
pany. When  in  London  some  months  ago  the  author  had  the  pleasure 
of  seeing  various  specimens  of  these  pipes,  and  was  much  struck  by 
their  excellence.  For  finish  and  workmanship,  they  are  not  likely  to  be 
surpassed ;  and  it  is  very  desirable  that  full  information  regarding 
them  should  be  well  known. 

In  reply  to  Mr.  Henshaw,  as  to  the  question  of  an  anchor  falling  on 
the  submerged  main,  it  is  conceded  that  it  would  be  undesirable  to 
invite  a  trial ;  but  in  the  event  of  such  a  test  being  made,  it  is  by  no 
means  certain  that  the  disastrous  effects  hinted  at  would  take  place. 
In  any  case,  such  an  occurrence  is  a  very  remote  possibility,  even  with 
one  submerged  main ;  while,  that  an  accident  should  happen  to  two  at 
the  same  time  is  almost  an  impossibility. 

With  reference  to  the  remarks  of  Messrs.  Blackwell,  Smith,  Goad, 
Peterson,  Gower  and  Bovey,  there  is  no  mistake  about  the  dimensions 
of  the  Cedar  in  question.  Should  Messrs.  Blackwell,  Smith  and  Goad 
care  to  visit  British  Columbia,  they  can  have  the  pleasure  of  verifying 
the  measurements.  The  Cedar  is  dead,  but  is  very  uniform  from  the 
ground  upwards,  and  has  no  abnormal  enlargement  at  the  base.  Such 
trees  are  rarely  solid,  and  this  is  no  exception.  In  trenching  for  pipe 
lines,  it  is  not  usual  to  extract  such  stumps,  it  being  much  more  econo- 
mical to  tunnel  under  them. 

A  working  plan  of  the  dam,  drawn  to  the  scale  of  8  feet  to  the 
inch,  accompanied  the  paper  on  the  Vancouver  Water  Works.  It  was 
considered  that  this  would,  if  hung  on  the  wall,  have  afforded  all 
necessary  information. 

As  the  whole  front  of  the  dam  is  protected  by  double  sheet  piling, 
overlapping,  with  the  ends  imbedded  in  a  trench  of  concrete  sunk  in 
the  bottom  of  the  river,  and  the  shore  connections  protected  on  the 
south  side  by  a  hand-laid  stone  wall  with  a  well  rammed  gravel  and 
earth  backing,  and  on  the  north  side  by  a  gravel  embankment  of 
picked  material,  the  chance  of  water  percolation  through  the  body  of 
the  dam,  and  seepage  round  the  ends,  has  been  reduced  to  a  minimum. 
Certainly,  none  has  taken  place  during  the  two  years  of  the  dam's 
existence.  The  trench  in  which  the  sheet  piling  is  imbedded,  owino- 
to  the  shallowness  of  the  river,  was  filled  with  concrete  in  a  simple 
manner.  The  concrete  was  wheeled  over  gangways  extending  alon"- 
the  face  of  the  dam,  within  a  few  inches  of  the  water,  was  then 
deposited  over  the  sides,  and  allowed  to  settle  in  the  trench.  Twenty- 
four  hours  after  the  trench  had  been  filled,  the  concrete  was  firm 
enough  to  resist  moderate  probing. 
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The  definite  object  in  view  in  the  manufacture  of  the  concrete  was 
imperviousness  and  a  thoroughly  secure  connection  between  the  foun- 
dations of  the  dam  and  the  bed  of  the  river.  The  space  in  which  it 
was  to  be  placed  was  very  confined,  being  a  narrow  trench,  not 
exceeding  at  any  point  a  depth  of  3  feet ;  and  being  for  the  most  part 
entirely  under  water,  it  would  not  permit  of  the  filling  being  packed 
and  rammed.  These  objects  could  only  be  obtained  by  making  the 
concrete  of  such  small  materials  that  the  whole  would  form  as  nearly 
as  possible  a  homogeneous  mass. 

The  author's  experience  in  the  manufacture  of  concrete  is  not 
extensive  enough  to  permit  of  his  expressing  an  opinion  as  to  the 
advisability  of  employing  large  stones.  But  it  is  worthy  of  note,  that 
the  specifications  for  the  water  works  systems  of  Gosport.  Lambeth, 
Bideford,  Halifax,  aud  Aberdeen  distinctly  require  that  either  sharp 
gravel  be  employed,  or  that  all  stones  shall  be  broken  so  as  to  pass 
through  a  ring  1J  or  2  inches  diameter.  Also,  Trautwine  (page 
680,  edition  1886)  states  "  that  broken  stone  for  concrete  is  generally 
specified  not  to  exceed  about  2  inches  on  any  side  ;  but  if  well  freed 
from  dust,  all  sizes  from  £  inch  to  4  inches  on  any  side  may  be  used." 

It  is  therefore  apparent  that  if  eminent  authorities  advocate  the  use 
of  large  stones,  many  quite  as  eminent  do  not. 

The  Teredo  Navalis,  not  being  gifted  by  nature  with  the  acrobatic 
powers  of  the  salmon,  is  not  likely  to  ever  find  a  home  in  the  timbers 
of  the  dam. 

Corrosion  of  metal  exposed  to  the  action  of  salt  water  is  a  subject 
of  great  importance;  and  it  is  a  matter  for  surprise  that  really  reliable 
information  with  regard  to  it  is  difiicult  to  obtain.  But  experience, 
so  far,  goes  to  prove  that  steel  and  wrought  or  cast  iron  of  proper 
quality  resist  this  action  for  long  periods.  Trautwine  says  "  that 
certain  cast  iron  sea  piles  of  hard  white  metal  showed  no  deterioration 
after  40  years  immersion."  (page  218,  edition  1886.)  The  double  8 
inch  cast-iron  pipes  laid  across  Shirley  gut  nearly  20  years  ago  are  in 
active  operation  to  this  da}-.  In  the  discussion  on  the  Avon  Bridge, 
published  in  the  last  volume  of  the  Society's  Transactions,  Mr. 
Uniacke  in  reply  to  Mr.  Blackwell  (page  286)  says  :  "  That  bolts  and 
used  in  the  construction  of  the  old  bridge,  50  years  ago,  and 
exposed  to  salt  water  at  different  stages  of  the  tide,  showed  not  the 
slightest  corrosion."  Also,  in  constructing  the  new  steel  dock  gates  of 
Limerick  Floating  Dock,  the  pintles  of  the  old  gates  were  found  to  be 
so  little  affected  by  their  38  years'  exposure  to  salt  water,  that  they 
were  used  again. 
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It  is  to  be  noted  that  the  cast-iron  in  the  Vancouver  submerged 
main  is  of  the  quality  approved  of  in  Trautwine ;  and,  also,  that  there 
are  many  instances  of  similar  mains  submerged  in  salt  water,  designed 
by  eminent  engineers ;  as,  for  example,  the  aforementioned  Shirley  gut 
pipes,  the  Bournemouth  storm  outfall,  the  San  Francisco  Bay  mains 
and  the  San  Diego  Bay  main.  Full  information  as  to  the  manufac- 
ture, specification,  quality,  and  proof  tests  of  the  submerged  main 
are  given  in  the  paper  on  pages  344,  348,  351. 

It  is  difiicult  to  believe  that  Mr.  Peterson's  remarks  relating  to  his 
observations  when  in  Vancouver  are  uttered  in  any  other  than  a 
jocular  spirit.  No  one  can  suppose  that  because  an  irresponsible 
individual  volunteered  the  information  that  the  stael  mains  (wrought 
iron,  he  calls  them)  were  not  sufficiently  strong  to  withstand  the 
pressure,  he  credited  that  statement  without  investigation.  It  is  hard 
to  understand  his  imagining  the  rivets  to  be  4  or  5  inches  apart, 
seeing  that  this  is  nearly  4  times  the  extreme  distance.  The  round 
seam  rivets  of  the  12  inch  and  16  inch  mains,  referred  to  by  him,  are 
1.2  inches  and  1.08  inches  apart,  from  centre  to  centre,  respectively; 
and  the  straight  seam  rivets,  which  are  in  double  rows,  1.3  inches  and 
1.4  inches.  It  is  impossible  he  can  believe  that  any  steel  or  wrought 
iron  pipe,  which  had  so  yielded  to  pressure  that  water  was  flowing  in 
little  streams  out  of  nearly  all  the  joints  of  the  sides,  could  be  held 
together  and  rendered  serviceable  by  straps  placed  round  it.  All  new 
rivetted  pipes  weep  more  or  less  at  the  laps,  when  first  put  under 
pressure.  The  great  majority  of  the  leaks  he  observed,  being  on  the 
south  side  of  the  Inlet,  where  there  was  little  or  no  sand  to  cut  the 
plates,  "  took  up  "  of  their  own  accord,  without  special  repairs. 

The  submains  are  8  inches,  6  inches,  and  4  inches  in  diameter ;  not 
4  inches  and  2-|  inches.  2|-  inch  welded  wrought  iron  tubes  have  been 
laid  for  short  distances,  as  a  temporary  means  of  supply  for  certain 
buildings.     No  hydrants  are  connected  with  2J  inch  pipes. 

The  distribution  system  was  designed  by  the  most  eminent  authority 
on  water  works  in  Canada,  Mr.  T.  C.  Keefer,  C.E.,  C.M.G. 

In  the  case  of  Vancouver,  there  is  a  very  substantial  reason  why 
the  water  works  should  be  in  the  hands  of  a  private  company.  They 
were  projected  before  the  city  had  an  existence,  and  constructed  at  a 
time  when  the  city's  resources  were  being  fully  employed  in  making 
absolutely  necessary  improvements,  and  it  is  doubtful  whether  even  at 
this  day  the  city  would  care  to  incur  the  expense  of  water  works 
construction. 


Thursday,  16th  January. 
K.  W.  BLACKWELL,  Member  of  Council,  in  the  chair. 


THE   SAMSON. 


Paper  No.  36. 

ONE  OF  THE  OLDEST  RAIL  ROADS  IN  CANADA. 

By  H.  S.  Poole,  M.  Can.  Soc.  C.  E. 


In  1818,  when  coal  mines  were  first  opened  on  the  East  River  of 
Pictou,  a  tram  road  was  made  from  the  pits  to  the  head  of  the  tide, 
above  where  the  iron  railway  bridge  now  spans  the  river ;  but  shipments 
were  small  until  a  transfer  of  the  property  took  place  in  1827,  when  a 
new  site  for  the  wharves  was  selected  lower  down  the  river. 

As  the  trade  grew  and  the  inconvenience  of  shipping  in  shallow 
waters  was  more  and  more  felt,  other  sites  still  lower  down  were  found, 
and  so  it  came  about  that  in  the  course  of  ten  years  four  moves  were 
made. 

The  tram  road  was  of  the  now  standard  gauge,  4'  8J'\  and  was 
worked  by  horses.  Sidings  were  placed  about  half  a  mile  apart,  and  each 
horse  went  his  half  mile  or  so  with  a  full  load,  and,  leaving  it  on  the 
main  line  for  the  next  horse  to  take  on,  returned  with  empty  wagons 
from  the  siding. 

When,  in  1834,  it  was  found  that  much  improved  facilities  were 
required  to  meet  the  growing  trade,  the  final  site  was  selected  opposite 
the  loading  ground,  some  four  or  five  miles  further  down  the  river  from 
the  shipping  place  in  use,  at  a  point  where  there  was  ample  water  for 
vessels  of  the  largest  size  then  engaged  in  the  coal  trade. 

The  extension  then  decided  on  was  subsequently  built  in  a  more 
substantial  manner  than  the  upper  part  of  the  road  had  been  made. 
It  was  finished  in  1838,  and  in  that  year  the  first  locomotive  ran  over 
a  rail  road  in  Nova  Scotia. 
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For  half  a  century  this  rail  road  was  in  operation,  and  for  many  years 
carried  passengers  as  well  as  freight;  it  was  finally  abandoned  last 
autumn,  and  the  shipping  of  coal  transferred  from  the  loading  ground 
where  this  South  Pictou  Eail  Road  terminated,  to  wharves  at  the  mouth 
of  the  harbour,  access  to  which  is  obtained  over  a  branch  of  the  Inter- 
colonial Railway  to  Pictou  Landing.  These  newer  wharves  will  accom- 
modate any  vessel  that  can  cross  the  bar  at  the  harbour's  mouth,  they 
are  accessible  earlier  and  later  in  the  season  than  those  at  the  loading 
ground,  and  from  them  loaded  vessels  can  sail  at  any  time  of  the  tide 
day  or  night. 

When  the  tram  road  gave  place  to  the  rail  road,  the  line  to  the  pits 
was  also  changed,  and  the  whole  length  of  seven  miles  came  under  new 
surveys. 

The  President  of  this  Society  has  spoken  of  the  desirability  of  record- 
ing the  names  of  those  who  were  pioneers  in  the  several  branches  of  the 
profession  of  engineering,  and  the  writer  would  now  name  Mr.  Peter 
Crerar  as  one  of  the  earliest  railroad  engineers  in  Nova  Scotia,  if  not 
in  Canada. 

Mr.  Crerar  was  born  in  1785  at  Breadalbaue  in  Perthshire,  and  came 
to  Nova  Scotia  in  1817.  He  first  taught  in  a  school  and  then  became 
deputy  land  surveyor,  in  which  latter  capacity  he  laid  out  several  of 
what  are  now  the  main  roads  in  Pictou  County.     He  died  in  1857. 

Mr.  Crerar*  had  had  no  experience  in  railroad  surveying  and  building 
prior  to  the  time  when  he  was  engaged  to  run  the  trial  lines  of  the  ex- 
tension of  the  South  Pictou  Kail  Road ;  yet  when  his  plans  and  specifi- 
cations were  laid  before  the  Board  of  Directors  "  at  home,"  they  were 
so  well  satisfied  with  them  that  they  wrote  out,  Haying  :  "  What  need  is 
there  of  our  sending  you  an  engineer  when  you  have  Mr.  Crerar  in  the 
country  ?  Let  him  supervise  the  construction."  This  was  accordingly 
done,  and  several  of  the  sections  he  prepared  to  show  the  progress  of 
the  work  have  been  preserved.  One  of  these  sections  the  writer  is,  by 
the  kindness  of  Mr.  Clendenin,  the  President  of  the  Acadia  Coal  Com- 
pany, the  present  owners  of  the  property,  enabled  herewith  to  send  for 
preservation  in  the  archives  of  the  Society.  (See  Plates  I  to  III.) 

A  glance  at  Mr.  Crerar's  section  is  arrested  by  the  unusual  uniform- 
ity of  the  grade  for  a  road  passing  through  a  country  so  uneven  as  there 
shown,  so  different  from  that  ordinarily  met  with  on  colliery  railways 
built  in  the  present  day.  The  road  starts  from  the  pits  with  a  falling 
grade  of  one  in  437  feet  for  a  distance  of  3500  feet,  thence  it  is  practi- 
cally level  for  18,770  feet,  a  slight  incline  of  one  in  578  feet  then  follows 


*  la  some  papers  he  signs  himself  "  Geographic  Engineer." 
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for  2,500  feet,  succeeded  by  a  level  piece  of  road  for  5,810  feet;  a 
grade  of  one  in  360  feet  for  1,500  feet  then  takes  the  road  to  the  timber 
structure,  in  connection  with  the  wharf  16^  feet  above  ordinary  high 
tide. 

It  will  also  be  noticed  on  the  plan  of  the  road  that  in  the  matter  of 
curves  great  caution  has  been  shown  ;  as,  even  when  it  entailed  extra 
cutting  of  considerable  amount,  nowhere  is  there  a  curve  of  over  4 
degrees  radius. 

The  cuttings  and  embankments  were  both  made  with  a  slope  of  one 
and  a  half  to  one  ;  the  former  being  made  18  feet,  wide  at  the  bottom, 
and  the  latter  of  the  same  width  at  the  top. 

Among  the  papers  relating  to  the  construction  of  the  road  is  the 
following  memorandum,  connected  with  the  first  line  in  England  intend- 
ed for  general  traffic  : — 

"  The  Liverpool  and  Manchester  Rail  Road. 

"Iron  Rail  Road  account  £67,912.0.0. 

"  The  above  expenditure  comprises  the  following  items  :  Rail  for  a  dou- 
ble way  from  Liverpool  to  Manchester,  with  occasional  lines  of  communi- 
cation and  additional  side  lines  at  the  different  depots,  being  about  35 
miles  of  double  way  =  3,847  tons,  at  prices  averaging  something  less 
than  £12.10.0.  per  ton." 

In  addition  to  the  interest  which  this  memorandum  has  as  a  state- 
ment of  cost,  the  author  would  specially  draw  attention  to  the  use  in  it  of 
the  words  "  depot"  and  "  rail  road."  Their  use  here  makes  it  probable 
that  these  words  were  common  in  England  at  the  time  in  question, 
although  they  have  been  there  abandoned  and  replaced  by  "  station  "  and 
"  railway." 

It  would  appear  probable  that  these  terms  were  at  the  same  time  adopt- 
ed in  America,  but,  in  contradistinction  to  the  English  practice,  they  were 
retained  there  just  as  philologists  tell  us  many  words  and  expressions, 
which  are  distinctive  of  New  England  to-day,  are  recollections  of  Puritan 
times,  and  are  not  indigenous  to  the  soil.  Only  the  other  day,  a  review- 
er, writing  on  the  great  American  language,  gave  "depot  "  as  an  adap- 
tation from  the  French  direct  by  the  people  of  America;  but  it  would  seem 
that  the  use  of  that  word  in  the  foregoing  memorandum  points  to  its 
having  had  at  least  a  temporary  resting  place  in  England  on  its  way  to 
America. 

It  may  be  noted  that  in  all  the  papers  connected  with  the  South  Pic- 
tou  road  the  invariable  practice  is  to  speak  of  it  as  a  "  rail  road,"  never 
as  a  "  railroad  "  or  <l  railway,"  and  this  spelling  the  writer  has 
retained  in  this  paper. 
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The  road  has,  as  already  mentioned,  a  gauge  of  4'  8J",  as  was  the 
practice  in  England  at  the  time  of  its  building.  The  rails  were  of  several 
sections,  of  which  pieces  have  been  sent  to  the  Museum  of  the  Society. 
The  earliest  form  was  scalloped  to  sit  in  metal  chairs  spiked  to  sleepers 
placed  3  feet  apart.  The  turnouts  are  made  with  tongues  or  split 
points  of  the  form  now  required  by  the  British  Board  of  Trade,  and  one 
which  has  of  late  grown  more  in  favour  in  America  than  the  facing  points 
ordinarily  seen. 

Locomotives: — The  first  engine  to  run  on  the  road  was  the  Sam- 
son, which  is  still  in  working  order,  and  was  in  use  until  1884.  This 
engine  led  in  the  procession  of  locomotives  at  the  Chicago  exhibition  in 
1883,  and  was  driven  by  George  Davidson,  who  came  out  with  it  from 
England  in  1838. 

The  John  Buddie  and  the  Hercules  were  imported  at  the  same  time, 
and  were  similarly  constructed  ;  they  were  followed  by  the  Albion  and 
Pictou,  which  have  inclined  cylinders  and  tubular  boilers,  and  subse- 
quently in  1853  by  the  Vulcan,  which  has  the  cylinders  placed  hori- 
zontally. 

The  boiler  of  the  John  Buddie  is  now  used  to  drive  a  stationary 
engine,  and  the  others  are  not  beyond  repair  if  use  could  be  found  for 
them.  The  veteran  Samson  is  waiting  for  a  purchaser*  who  will  preserve 
it  as  a  relic  of  past  practice.  It  was  built  by  Timothy  Hackworth  of 
Newcastle,  weighs  16  tons,  19  cwt.,  0  gr.,  20  lbs.,  and  with  duplicate 
wheels  and  other  parts  cost  £2140  cy. 

The  cylinders  are  154;"  diameter,  with  a  stroke  of  16"  and  a  valve 
area  of  2^sq.  ins.  They  sit  vertically  over  the  hind  driving  wheels,  and 
have  Watt's  parallel  motion  instead  of  crossheads  and  slides.  The 
wheels  are  4'  in  diameter,  six  in  number,  with  a  wheel  base  of  8'  8"  ; 
they  are  made  in  two  pieces,  the  annular  portion  is  kept  in  position 
round  the  central  hub  by  twelve  circular  keys  of  wood. 

The  boiler  with  a  capacity  of  540  gallons  is  54"  in  diameter,  has  a 
length  of  13'  4",  and  carried  a  pressure  of  60  lbs.  on  the  square  inch. 
It  has  a  single  return  flue  of  §"  plate,  single  rivetted,  26J"  in  diameter 
round  the  fire,  and  diminishing  to  18"  where  it  enters  the  smoke  box. 
Another  novelty  lies  in  the  exhaust  pipe  passing  from  the  cylinders 
through  the  shell  to  the  smoke  stack.  As  constructed  the  tender  goes 
behind,  and  the  stoker  alone  attends  to  the  firing,  while  the  driver  sits 
in  an  iron  chair  in  front  of  his  engine,  and  has  an  uninterrupted  view 
along  the  line. 


*  Price  asked  $500 
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The  writer,  among  the  notes  of  his  father,  who  managed  the  Albion 
Mines  for  the  General  Mining  Association  for  fourteen  years,  finds  a 
careful  record  of  the  work  done  by  each  locomotive  ;  and  between 
the  years  1S40  and  1853,  the  Samson  on  an  average  in  each  year  was 
out  113  days,  ran  4721  miles  a  year,  and  hauled  21,913  chaldrons  of 
coal,  at  an  average  annual  cost  of  £61  9s.  6d.  cy.*  for  repairs,  and 
£227  13s.  2d.  cy.  for  working  expenses. 

Cost  of  material  and  work. — The  writer  has  come  across  a  few  items 
of  cost  with  which  material  and  work  of  to-day  may  be  compared,  e.g., 
The  actual  cost  of  earth  cuttings  per  yard  ranged  from  tenpance  to  one 
shilling  and  threepence,  62,297  yards  costing  £3247  7s.  5d.  In  later 
work  the  rate  paid  was  even  lower,  and  down  to  5fd.  per  cubic  yard  for 
levelling  a  coal  floor.  At  the  present  time,  cuttings  through  the  same 
class  of  ground,  stiff  boulder  clay  with  embedded  r,ocks  and  pebbles, 
could  not  be  made  under  thirty  cents  per  cubic  yard. 

Spruce  \y  and  2"  boards  were  bought  for  22  shillings  per  thousand  ; 
hemlock  at  nineteen  and  six  pence. 

Hemlock  logs  not  less  than  15"  diameter  as  follows  : — 
27  logs  36  feet  long  each  at  4s.  6d. 
297     "     25    "       "       "  3s. 

54     «     24    "       "       "  2s.  lOd. 

507     "     19    "       "       "  2s.  5d. 

1356     "     13    "       "       "  ls.9d.  inall£233  0s.9d. 

Cedar  sleepers  from  New  Brunswick  were  delivered  at  2s.  each  in 
1846,  and  at  from  Is.  9d.  to  2s.  6d.  in  1847. 

Iron  rails,  21,149  yards,  weighed  617  tons  14  cwt.  ,and  required  258 
tons  2  cwt.  of  metal  chairs  and  35  tons  17  cwt.  of  pins  and  wedges. 

As  an  example  of  stone  work  take  the  cost  iu  1850  of  a  culvert  4 
feet  in  diameter,  143  feet  long,  under  an  embankment  35  feet  high. 

Finding  and  hauling  stone  9  miles  at , 10s.  6d.  per  c.  yd. 

Building  same 4s.  "         " 

Face  dressing  inside  of  culvert  and  including  re- 
ducing the  stone  to  the  mould  of  the  arch  18" 
thick,  stones  7"  at  face,  11"  at  back  at 12s.6d.     "      " 

Then  a  retaining  wall  90  feet  long  by  24  feet  high,  7  feet  thick  at 
the  bottom,  and  4  feet  3  inches  wide  at  the  top,  was  built,  the  stone 
found  and  the  face  chisel  dressed  for  12s.  6d.  per  cubic  yard. 

The  writer  has  not  been  able  to  make  out  the  actual  first  cost  of  the 
road,  but  in  after  years  the  valuation,  inclusive  of  land  damages  and 
engines,  stood  at  £76,700  Is.  0d. 

*  The  £1  cy.  was  worth  16s.  stg. 


Poole  on  Oldest  Rail  Road  in   Canada.  35 

The  following,  however,  is  the  estimate  hy  Mr.  Crerar  of  the  probahle 
expense  of  completing  the  Albion  Mines  Rail  Road,  from  its  com- 
mencement at  the  foundry  to  its  termination  at  the  Loading  ground  : — 

Currency. 

Excavating  135,980  cubic  yards®  Is.  2£d ,£8,882  2  6 

21.600  tons  prepared  stones  laid  on  @  6s.  6d.  per  ton 7,020  0  0 

10,560  sleepers  @  Is.  3d.  each 660  0  0 

Laying  down  same  and  rails,  etc, 660  0  0 

A  bridge  at  Simon  Fraser's  Cove,  stone  abutments,  each  aver- 
aging 30  ft.  high,  wooden  tops  supported  by  wooden  piers  or 

pier  poles,  etc.,  etc 447  0  0 

A  bridge  across  Cove  Brook,  etc.,  etc 579  0  0 

A  bridge  from  Dunbar's  Point  to  Loading  ground,  one  stone 

abutment,  etc 1593  0   0 

15  bridges  and  passing  places,  stone  abutment",  wooden    tops, 

averaging  20  ft.  high  and  15  ft.  span,  at  £180  each 2,700  0  0 

Drains    and  culverts 800  0  0 

600  tons  iron  rails,  chairs,  etc.,  @  £15  per  ton ,.9,000  0  0 

32,341  2  6 

Ten  per  cent,  contingencies 3,234  2  3 

£35,575  4  9 

Having  located  the  line,  the  next  step  was  to  obtain  the  right  of  way, 
and  as  in  those  days  there  was  no  Railway  Act,  it  may  be  of  interest  to 
note  what  proceedings  were  actually  taken. 

First,  application  was  made  to  the  General  Sessions  of  the  county, 
and  then,  in  accordance  with  the  authority  there  obtained,  there  was 
issued  the  following  notice  and  in  due  course  the  Jury's  award  : — 

Notice  is  hereby  given  that  pursuant  to  an  order  of  the  Justices  of  the 
General  Sessions  of  the  Peace  for  the  County  of  Pictou,  dated  the  4th 
day  of  January  instant,  made  upon  the  application  of  the  General 
Mining  Association,  which  Association  are  the  sublessees  of  His  Majesty's 
mines  in  the  Province  of  Nova  Scotia,  by  Joseph  Smith,  Esquire,  their 
agent  and  attorney,  a  precept  in  writing  has  been  issued,  directed  to  the 
Sheriff  of  the  county  of  Pictou,  or  his  deputy,  commanding  him  to 
summon  certain  persons  being  freeholders  to  appear  at  the  house  of 
James  Fraser,  innkeeper,  in  the  town  of  New  Glasgow,  on  Tuesday,  the 
4th  day  of  April  next  ensuing,  at  11  o'clock  forenoon,  for  the  purpose 
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of  laying  out  and  setting  off  within  the  lands  of  any  person  or  persons 
owning  the  same,  or  in  possession  thereof,  so  much  of  the  said  land  as 
may  be  required  for  the  purpose  of  altering  the  line  of  rail  road,  now 
in  use  at  the  Albion  Mines  on  the  East  River  of  Pictou,  in  the  county 
aforesaid,  the  whole  way  from  the  shafts  or  pits  at  the  said  mines,  down 
the  west  side  of  the  said  river  to  some  convenient  point  opposite  to 
what  is  generally  called  the  "  Loading  Ground,"  and  for  assessing  the 
damages  to  the  owner  or  owners,  tenant  or  tenants  of  such  lands, 
according  to  their  several  interests,  for  being  deprived  of  the  use  and 
benefit  thereof;  and  for  the  expense  of  making  fences  or  ditches,  and 
also  for  fixing  and  ascertaining  the  annual  rents  for  the  use  and  occu- 
pation of  the  said  lands,  in  accordance  with  the  laws  of  the  Province  in 
such  case  made  and  provided. 

(Signed,)         Jas.  Minnester, 

Clerk  of  the  Sessions. 

Pictou,  January  6th,  1837. 
At  the  house  of  James  Fraser,  Innkeeper,  in  the  Town  of  New  Glasgow, 
this  sixth  day  of  May,  one  thousand  eight  hundred  and  thirty- 
four. 

A  list  or  panel  of  the  names  of  twelve  of  the  freeholders  summoned 
and  in  attendance,  under  and  by  virtue  of  the  precept  hereto  annexed, 
who  on  the  list  of  freeholders  to  the  said  precept  annexed  being  called 
over  first  appeared  and  answered  thereon,  and  who  were  thereupon 
sworn  by  me  the  subscriber,  John  W.  Harris,  the  deputy  of  John  J. 
Sawyer,  Esquire,  sheriff  of  the  County  of  Halifax,  as  a  jury  to  the  faith- 
ful discharge  of  the  dudes  required  of  them  by  the  laws  of  the  Province, 
touching  the  several  matters  and  things  in  the  said  precept  mentioned 
and  set  forth  namely  : — (Alexander  McDonald  and  others.) 

VERDICT   OR   FINDING   OF    THE   ABOVE   JURY. 

We  whose  names  are  hereto  subscribed,  being  the  jurors  named  in  the 
above  list  or  panel,  do  hereby  certify,  that  being  first  duly  sworn  we 
proceeded  to  the  discharge  of  the  duties  imposed  on  us,  and  having 
traversed  the  line  proposed  by  the  agents  of  the  trustees  of  the  General 
Mining  Association,  as  an  extension  of  the  rail  road  from  the  shafts 
or  pits  at  the  Albion  Mines  on  the  East  River  of  Pictou,  the  whole  way 
from  the  said  shafts  or  pits  down  the  west  side  of  said  river,  to  a  point 
in  said  river  opposite  to  what  is  called  the  loading  ground,  as  shown  to 
us  by  the  said  agents  of  said  trustees,  and  having  heard  all  such  parties 
interested  therein,  as  well  for  as  against  their  several  proofs,  opinions, 
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plans,  estimates  and  suggestions  as  appeared  before  us,  and  having 
again  by  ourselves,  separate  and  apart  from  all  interested  therein,  given 
the  whole  business  referred  to  us  our  most  mature  deliberation,  do  say 
that  in  our  judgment  it  is  needful  and  requisite  to  extend  the  said  line 
of  rail  road  the  whole  way  from  the  said  shafts  or  pits,  to  a  point  or  place 
in  the  said  East  River  of  Pictou,  opposite  to  the  said  loading  ground, 
that  being  the  nearest  sea  water  navigable  for  loaded  ships  or  vessels 
of  any  size  in  the  said  river  ;  and  that  for  the  purpose  of  so  extending 
the  said  rail  road,  it  is  needful  and  necessary  to  open  and  make  the  same 
across  and  in  front  of  the  lands  lying  on  the  west  side  of  the  said  river, 
between  the  said  shafts  or  pits  and  the  said  loading  ground,  on  the  sev- 
eral courses  as  shown  upon  the  plans  hereunto  annexed,  which  plans  are 
made  and  signed  by  Peter  Crerar,  deputy  land  surveyor  and  civil  engin- 
eer, and  thereupon  for  that  purpose  we  do  hereby  lay  out  and  make  as 
the  same  is  now  marked  and  staked  on  the  ground,  and  shown  upon  the 
said  plan,  through,  over  and  within  the  lands  following,  that  is  to  say, 
commencing  at  or  near  the  foundry,  that  being  a  short  distance  from  the 
said  shafts  and  pits,  and  to  which  place  the  said  rail  road  has  been 
previously  laid  down  and  established  as  we  are  informed,  and 
running  from  thence  through,  over,  and  within  the  lands  now  in  the 
possession  of  the  said  General  Mining  Association,  one  John  Duff,  oae 
William  Fraser  "  Ogg,"  one  William  Blair,  the  widow  and  heirs  of  the 
late  Donald  Smith  deceased,  and  then  again  of  the  said  Association  to 
the  bridge  at  New  Glasgow,  and  passing  under  the  western  end  of  the 
said  bridge,  thence  to  run  through,  over  and  within  the  lands  of  the  said 
Association,  one  Donald  Fraser,  mason,  one  Thomas  Fraser,  one  Edmund 
Walter  Remdell,  one  Donald  McKenzie,  one  William  Mcintosh,  Messrs. 
Simon  James  and  John  Fraser,  again  other  land  of  the  said  Association  ; 
Messrs,  George  and  John  Fraser,  one  William  McRay,  again  more  laud 
of  the  said  Association  ;  one  Alexander  McDonald,  one  Donald  Fraser, 
the  widow  and  heirs  of  the  late  Colin  Fraser  deceased,  and  Messrs. 
Robert  and  William  Dunbar,  and  from  the  said  Robert  and  William 
Dunbar's  lands  into  the  said  East  River,  to  a  point  opposite  the  said 
loading  ground,  according  to  the  said  plan,  allowing  for  the  purpose  of 
opening  and  making  the  said  rail  road  so  much  of  the  land  on  each  side 
of  the  said  line  not  exceeding  more  than  five  nor  in  any  case  less  than 
three  rods  in  the  whole  breadth  thereof,  clear  offences  and  ditches,  except 
at  such  places  as  the  said  line  shall  or  may  pass  into  or  out  of  the  waters 
of  the  said  river,  as  may  be  requisite  and  necessary  for  the  formation 
of  a  proper  rail  road,  when  so  extended  as  aforesaid,  and  we  have  assessed 
the  damages  to  be  paid  by  the  said  trustees  of  the  said  Association  to 
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the  owner  or  owners,  tenant  or  tenants  of  the  said  lands,  according  to 
their  several  interests  therein,  or  to  such  other  person  or  persons  as  may 
be  lawfully  entitled  to  receive  the  same,  for  being  deprived  of  the  use  and 
benefit  of  such  land,  and  for  the  injury  that  may  be  done  thereto,  andf  >r 
the  expense  which  may  be  imposed  on  them  for  making  fences  or  ditcher, 
for  the  purpose  of  separating  all  the  lands  so  kid  off  as  aforesaid  from 
other  parts  of  the  tracts  of  land,  within  which  the  lands  so  laid  off  are 
contained  as  follows:  that  is  to  say,  for  damages  and  fencing  on  and  over 
the  land  now  in  the  possession  of  the  said  Robert  and  William  Dunbar, 
seventy-three  pounds  ten  shillings,  and  for  the  like,  etc.,  etc.,  all  which 
said  sums  are  to  be  lawful  money  of  Nova  Scotia,  and  to  be  paid  to  the 
person  or  persons  entitled  thereto  as  aforesaid  by  the  said  trustees  of  the 
said  Association,  when  and  so  soon  as  the  said  line  of  railroad  is  com- 
menced and  the  fences  put  up  in  a  lawful  manner. 

And  we  have  also  fixed  and  ascertained  the  annual  rent  for  the  use  and 
occupation  of  the  said  lands,  laid  off  as  aforesaid  as  follows,  that  is  to  say, 
for  so  much  thereof  clear  of  any  fences  or  ditches  as  shall  be  requisite 
and  necessary  for  the  purpose  of  the  said  rail  road,  when  so  extended  as 
aforesaid,  the  same  to  be  ascertained  by  actual  measurement  by  a  sworn 
deputy  surveyor  of  land  when  the  said  rail  road  is  formed,  which  is  now  in 
possession  of  the  said  Robert  and  William  Dunbar,  etc.,  etc.,  the  an- 
nual rent  of  four  pounds  for  each  and  every  acre  and  so  in  proportion 
for  any  lesser  quantity  that  may  be  requisite,  etc.  (N.B. — Other  lots  are  at 
two  pounds,  two  pounds  ten  shillings,  three  pounds,  five  pounds),  which 
said  sums  hereby  fixed  for  rent,  being  also  of  like  lawful  money  as  afore- 
said, and  to  be  paid  by  the  said  trustees  in  twelve  months  from  and 
after  the  time  when  the  proceedings  had  or  to  be  had  under  the  said  pre- 
cept shall  have  been  confirmed,  and  soon  yearly  and  each  year  thereafter, 
so  long  as  they  continue  to  occupy  the  said  rail  road.  Provided  always 
that  such  owner  or  owners,  tenant  or  tenants,  or  such  other  person  or  per- 
sons entitled  to  receive  such  annual  rent  as  aforesaid,  do  and  shall  from 
time  to  time,  and  at  all  times  hereafter,  so  long  as  the  said  line  so  laid  off 
and  marked  as  aforesaid  shall  be  held  and  occupied  as  aforesaid,  at  his 
or  their  expense,  cost  and  charges,  repair  and  keep  in  repair  all  such 
fences  as  he,  she,  or  they  are  bound  to  put  up  in  manner  aforesaid,  and  in 
default  thereof  the  said  Association  shall  be  at  liberty  to  repair  and  keep 
iu  repair  all  such  fences,  and  retain  out  of  the  annual  rent  aforesaid  the 
reasonable  expense  and  cost  of  the  same.  *  *  *  And  we  have  further 
considered  that  there  shall  be  made  at  the  expense  of  the  said  Association 
either  aeross  or  under  the  said  rail  road,  when  the  same  is  formed  and  com- 
pleted,  suitable   and   commodious    places   for   the   owner  or  owners 
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tenant  or  tenants  respectively  of  the  several  tracts  of  land  through,  over 
or  within  which  the  said  line  for  the  said  rail  road  has  been  laid  off  and 
marked  as  aforesaid,  to  pass  and  repass  from  one  part  of  the  said  tracts 
of  land  to  the  other,  the  said  passing  places  to  be  in  such  part  of  the 
said  line  as  will  admit  of  their  being  made  by  a  bridge  at  least  fourteen 
feet  above  the  level  of  the  rails  to  be  laid  on  the  said  road,  or  at  such  other 
part  thereof  as  will  admit  of  their  being  made  to  pass  under  the  said 
line  of  rails,  and  to  be  at  least  ten  feet  clear,  at  the  option  of  the  owners, 
of  the  soil  opposite  thereto,  and  in  case  there  shall  not  be  on  any  of  the 
said  tracts  of  land  an  embankment  of  sufficient  height  or  cutting  of  a 
sufficient  depth,to  admit  of  a  passing  place  to  be  made  as  before  described, 
then  there  shall  be  made  as  aforesaid  one  at  such  place  on  the  said  line,  as 
there  shall  be  neither  a  cutting  nor  embankment  of  more  than  three 
feet,  such  place  to  be  pointed  out  by  the  owner  opposite,  and  we  further 
consider  the  number  of  said  passing  places  shall  be  as  follows,  etc. 

In  witness  we  have  hereto  subscribed  our  names  at  the  house  of 
James  Fraser,  Innkeeper,  at  New  Glasgow,  this  eighth  day  of  May,  one 
thousand  eight  hundred  and  thirty-four,  having  been  three  days  engaged 
in  this  business,  to  us  referred  as  aforesaid,  in  the  presence  of  the  said 
John  W.  Harris,  who  has  subscribed  his  name  hereto. 

(Signed)     Alex.  McDonald.  William  Wylie. 

„  his  _  Donald  McGrilveray. 

gemark        t0'  DuDCan  McDougall. 

John  Adan.son.  J°hn  Lippincott. 

Peter  McLauchlan.  Edward  Patterson. 

Joseph  Trinniman.  Jas-  Purvis. 

his  John  W.   Harris. 

James  x  Perrin.  Depy.  Sheriff, 
mark 

From  the  drawing  accompanying  this  paper  Plates  I,  II  and  III 
have  been  prepared. 


DISCUSSION. 

Mr.Hannaford.  Mr.  Poole  is  mistaken  in  stating  that  the  first  locomotive  in  British 
North  America  ran  on  the  Pictou  Coal  Mines  tramway  in  1838. 

The  first  locomotive  u^ed  on  a  railway  in  British  North  America 
was  the  f<  Dorchester  "  on  the  Champlain  and  St.  Lawrence  Railway, 
St.  Johns,  P.  Q.,  to  Laprairie,  sent  out  in  1836,  and  operated  regularly 
in  1837.  This  engine  was  built  by  George  Staphenson  &  Co. ,  New- 
castle-on-Tyne,  and  was  used  for  some  years  on  the  Liverpool  and  Man- 
chester Railway  before  coming  to  Canada. 

Mr.  Biackweil.  The  speaker  believes  that  the  first  locomotive  in  Canada  ran  on  the 
old  Champlain  Road,  and  was  called  the  "  Dorchester."  He  remembors 
the  matter  being  spoken  of  while  serving  his  apprenticeship  in  the 
Grand  Trunk  shops  25  years  ago.  Ha  did  not  know  whether  anyone 
remembered,  but  he  thought  that  the  conception,  plans  and  carrying  out 
of  the  old  Champlain  Road  were  all  prior  to  the  coal  road  in  Nova 
Scotia  now  under  discussion. 

Mr.  McNab.  The  Charter  for  the  Champlain  and  St.  Lawrence  Railway  was  granted 

in  February,  1832.  The  line  was  completed  in  1834.  In  1835  the 
locomotive  "  Dorchester  "  was  brought  out  from  England,  as  Mr.  Hanna- 
ford  said,  and  was  running  in  1836.  The  speaker  understood  that  the 
Dorchester  "  was  still  in  existence,  driving  a  sawmill  somewhere  down 
East,  having  been  sold  several  years  ago  for  0300.00. 

Mr.MacdougaU  The  practice  in  Britain  of  distinguishing  between  "tramways" 
and  "  railways  "  is  as  carefully  maintained  at  the  present  day,  as  the 
terms  "tramway"  and  "railroad"  were  in  the  earlier  days  of  the 
century. 

Street  railways  are  not  known  in  Britain,  they  are  specially  desig- 
nated street  tramways. 

The  speaker  can  remember  when  the  term  "  depot "  was  much  more 
commonly  used  than  "  station,"  which  is  now  the  common  term. 
The  expression  railroad  was  dropped  in  the  early  history  of  the  move- 
ment. Many  parliamentary  plans  he  had  seen  of  proposed  lines  early 
in  the  "  forties  "  always  have  railway  on  the  title  of  the  bill. 

Relative  to  the  existence  of  the  veteran  "  Sampson,"  he  would  men- 
tion a  curious  conjunction  of  the  past  and  present.     On  the  North 
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British  Railway,  the  passenger,  after  stepping  out  of  a  train  which 
travelled  at  sixty  miles  an  hour  for  a  considerable  portion  of  the  dis- 
tance from  Edinburgh  to  Carlisle,  at  Silloth  Juuction  stepped  into 
one  of  the  original  horse-coaches  used  on  the  first  railroad  from  Edin- 
burgh— the  Edinburgh  and  Dalkeith — aud  was  drawn  by  a  horse  for  a 
distance  of  two  miles. 

Mr.  Poole's  paper  is  one  of  great  historical  interest,  and  the  writer  Mr.  Chadwick. 
regrets  that  he  was  unable  to  be  present  during  the  reading  of  the  paper 
and  the  discussion  which  followed. 

In  the  first  edition  of  "Civil  Engineering  in  North  America,"  by 
David  Stevenson,  published  in  1838,  the  author  makes  a  short  refer- 
ence to  the  "  Champlain  and  St.  Lawrence  Railway  "  as  tlie  only  one 
in  Canada  at  that  date,  stating  that  the  line  was  16  miles  long,  and 
was  constructed  of  plate  rails  laid  oi  wooden  sleepers.  Two  locomo- 
tives, one  built  in  England  and  the  other  in  the  United  States,  were 
used,  but  the  names  are  not  mentioned. 

In  the  same  work  there  is  a  description  of  what  would  appear  to 
be  the  prototype  of  the  "  cow-catcher,"  but  which  was  then  called  a 
"guard,''  and  it  is  stated  to  have  been  first  used  on  a  short  line,  the 
Quincy  Railway,  Mass.  It  consisted  of  a  sort  of  framing,  attached  to 
the  front  axle  of  the  engine,  from  which  it  slopjd  to  within  an  inch  or 
two  of  the  rails,  upon  which  it  ran,  supported  on  a  pair  of  small 
wheels  five  or  six  feet  in  front  of  the  leading  wheels  of  the  locomotive. 
In  the  Transactions  of  the  American  Society  of  Mechanical  Engineers, 
Vol.  X.,  page  509,  1889,  there  is  «  paper  by  Mr.  D.  W.  Robb,  of 
Amherst,  N.S.,  M.  Am.  Soc.  M.E.,  on  "  The  Old  Locomotive 
Sampson."  The  paper  is  illustrated  with  drawings  of  this  interesting  old 
locomotive.  The  plan  of  carrying  the  exhaust  pipe  from  the  cylinder 
inside  the  shell  of  the  boiler  is  very  curious. 


Thursday,  23rd  January,  1890. 

ANNUAL  GENERAL  MEETING. 
COLONEL  C.  S.  GZOWSKI,  President,  in  the  Chair. 

MORNING    SESSION. 

The  Secretary  having  read  the  notice  convening  the  meeting,  and 
also  the  minutes  of  the  last  annual  meeting, 

It  was  moved  by  Mr.  John  Kennedy,  seconded  by  Mr.  K.  W.  Black- 
well,  and  resolved  : — 

"  That  the  minutes  as  read  be  approved." 

The  following  Annual  Report  was  then  read  by  the  Secretary : 

ANNUAL  REPORT. 

In  resigning  its  charge  at  the  expiry  of  another  yoar,  the  Council 
has  again  much  pleasure  in  reporting  a  year  of  progress. 

ROLL    OF    THE    SOCIETY. 

During  the  past  year  the  membership  of  the  Society  has  steadily 
increased.  The  elections  comprised  seven  honorary  members,  fifteen 
members,  eleven  associate  members,  twenty-eight  associates,  and  twenty- 
three  students,  while  from  various  causes  twenty-nine  have  been  removed 
from  the  list,  the  net  increase  for  the  year  beimr  fifty-five. 

The  total  number  on  the  list  at  the  present  date  includes  seven 
honorary  members,  two  hundred  and  sixty-five  members,  one  hundred 
and  two  associate  members,  sixty-two  associates,  and  one  hundred  and 
fifty-two  students,  or  five  hundred  and  eighty-eight  in  all. 

The  resignations  were  : 

Member — J.  J.  Collins, 

Associate  Member — H.  Wilson. 

Associates — John  Taylor,  N.  N.  Evans,  G.  M.  Dawson. 

Students— W.   W.  Baillairge",   W.  S.  Belcher,   J.  C.  Burns, 
D.  Cator,  M.  L.  Hersey,  T.  R.  Henderson. 
The  deceases  have  been: 

Members — L.  Lesage,  E.  E.  Gilbert,  C.  B.  Franks. 

Student— W.  H.  Lough. 

In  this  list  will  be  observed  the  names  of  Mr.  Louis  Lesage  and 
Mr.  E.  E.  Gilbert.  Mr.  Lesage  was  an  incorporator  of  the  Society, 
and  served  on  the  two  first  councils.     He  was   widely  known,  and 
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was  one  of  the  most  respected  engineers  in  the  country.  Mr. 
Gilbert  was  amongst  the  earliest  of  the  mechanical  engineers  of 
Canada,  and  was  the  inventor  of  many  valuable  improvements. 
Only  the  other  day,  members  of  the  Society  heard  of  the  death 
of  our  second  President,  the  late  Samuel  Keefer,  who  might  be 
considered  one  of  the  fathers  of  engineering  in  the  Dominion.  In  him 
the  Society  has  lost  an  ardent  supporter  and  weil-wisher.  Still  more 
recently  we  have  received  the  sad  news  of  the  death  of  T.  T.  Vernon 
Smith,  a  pupil  of  Robert  Stephenson's,  and  one  of  the  last  remaining 
links  connecting  our  profession  here  with  the  early  engineers  of  Eng- 
land. These  losses  will  be  severely  felt,  as  the  Society  can  ill  afford 
to  do  without  the  advice  and  support  of  men  of  such  long  experience. 
Their  memoirs  will  appear  in  due  course  in  the  Transactions. 

The  honorary  members  who  have  been  elected  are :  — 

His  Excellency  The  Eight  Honourable  Lord  Stanley  of  Preston, 
G.C.B.,  P.C. 

Sir  John  William  Dawson,  Kt.,  C.M.G.,  LL.D.,  F.R.S. 

Sir  Charles  Augustus  Hartley,  K.C.M.G.,  F.R.S.E. 

Sir  Frederick  Joseph  Bramwell,  Bart. 

Sir  William  Thomson,  F.R.SS.L.&E.,  LL.D. 

Sir  John  Fowler,  Bart. 

Sir  John  Hawkshaw,  F.R.SS.L.&E. 

The  answers  from  the  above  accepting  their  elections  are  herewith 
appended  : — 

Government  House, 
Ottawa,  January  17th,  1889. 
Dear  Sir, 

Allow  me,  in  acknowledging  your  letter,  to  ask  you  to  be  good  enough  to  express 
to  the  President  and  Members  of  the  Society  of  Civil  Engineers  my  high  apprecia- 
tion of  the  compliment  which  they  have  paid  me,  by  proposing  that  I  shall  be  an 
Honorary  Member,  and  my  sense  of  the  honour  of  belonging  to  such  a  distinguished 

body. 

I  remain,  my  dear  Sir, 

Yours  very  faithfully, 


Prof.  H.  T.  Bovey,  M.A., 

Sec.  Can.  Soc.  C.E. 


STANLEY  OF  PRESTON. 


McGill  College, 

January  5th,  1889. 


Dear  Prof.  Bovey, 

Kindly  convey  to  the  Canadian  Society  of  Civil  Engineers  my  sincere  thanks 
for  the  honour  they  have  done  me  in  my  election  as  an  Honorary  Member,  and 
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which  I  can  assure  you  I  very  highly  value.  Any  services  that  I  can  render  to 
the  Society  are  merely  those  of  a  woiker  in  collateral  and  educational  matters,  but 
these  I  shall  be  always  ready  to  render. 

Sincerely  yours, 

J.  WM.  DAWSOX. 


26  Pall  Mall, 
London,  18th  April,  1889. 
Dear  Sir, 

I  beg  to  acknowledge  the  receipt  of  your  letter  of  the  5th  inst.,  informing  me 
that,  at  an  ordinary  meeting  of  the  Canadian  Society  of  Civil  Engineers,  I  was 
unanimously  elected  an  Honorary  Member  of  the  Society,  and  calling  my  atten- 
tion to  By-Laws  14  and  19. 

I  beg  to  tender  my  grateful  thanks  to  the  Canadian  Society  of  Civil  Engineers, 
for  the  very  distinguished  honour  they  have  conferred  upon  me  by  unanimously 
electing  me  an  Honorary  Member  of  the  Society. 

I  have  the  honour  to  be, 

Yours  faithfully, 
CHAS.  A.  HARTLEY. 
Henry  T.  Bovey,  Esq., 

Honorary  Secretary. 


5  Great  George  Street, 
Westminster,  S.W.,  21st  June,  1889. 
Dear  Sir, 

I  beg  leave  to  acknowledge  the  receipt  of  your  letter  of  the  3rd  inst.,  in  which 
you  inform  me  that,  at  a  meeting  of  the   Society  on  the   23rd   May,  I  was  unani- 
mously elected  an  Honorary  Member  of  the  Canadian  Society  of  Civil  Engineers. 
I  shall  be  glad  if  you  will  kindly  convey  my  best  thanks   for  the  honour  which 
the  Society  has  thus  done  me,  and  say  that  I  have  great  pleasure  in  accepting 

the  election. 

I  am,  dear  Sir, 

Yours  truly, 

FREDERICK  BRAMWELL. 
Prof.  Bovey,  M.A.,  Hon.  Sec. 


The  University,  Glasgow, 

June  15th,  1889. 
Dear  Mr.  Bovey, 

I  have  to-day  in  London  received  your  letter  of  the  3rd,  announcing  that  I  have 
been  elected  an  Honorary  Member  of  the  Canadian  Society  of  Civil  Engineers, 
and  I  write  to  you  in  reply  to  ask  you  to  communicate  to  the  Society  my  hearty 
thanks  for  the  honour  it  has  done  me,  and  to  say  that  I  accept  the  appointment 
with  much  pleasure.     Believe  me, 

Yours  very  truly, 

WILLIAM  THOMSON. 
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2  Queen  Square  Place, 
Westminster,  Dec.  2nd,  18S9. 
Dear  Sir, 

I  have  received  your  letter  of  the  15th  November,  conveying  to  me  the  grati- 
fying intelligence  that  the  Canadian  Society  of  Engineers  have  unanimously 
elected  me  an  Honorary  Member  of  the  Society. 

I  beg  you  to  communicate  to  the  Society  my  appreciation  of  the  high  distinc- 
tion they  have  conferred  upon  me. 

Yours  very  truly, 

JOHN  FOWLER. 
H.  T.  Eovey,  Esq. 


Belgrave  Mansions,  S.W., 

Dec.  2nd,  1889. 
Dear  Sir, 

I  have  to  acknowledge  the  receipt  of  your  letter  of  the  18th  ult.,  informing  me 
that  the  Canadian  Society  of  Civil  Engineers  had  elected  me  an  Honorary  Mem- 
ber of  the  Society. 

I  beg  to  return  my  thanks  for  the  honour  that  has  been  conferred  upon  me, 
which  I  assure  you  I  greatly  appreciate. 

I  am,  dear  Sir, 

Yours  very  truly, 

JOHN  HAWKSHAW. 
Prof.  Bovey,  M.A., 

Sec.  Can.  Soc.  CE- 


The  Council  again  feels  it  an  imperative  duty  to  direct  the  attention 
of  members  to  the  qualifications  required  for  admission  into  the  several 
classes.  As  regards  the  Student  class,  it  is  considered  that  a  candidate 
should  have  a  good  general  education.  He  should  be  able  to  express 
himself  clearly  and  grammatically,  should  have  a  knowledge  of  elemen- 
tary mathematics  and  mechanics,  in  fact  should  be  capable  of  under- 
going an  examination  equivalent  to  that  required  for  the  matriculation 
into  the  Arts  or  Science  Department  of  a  University,  as  specified 
in  the  By-Laws. 

The  qualifications  for  admission  into  the  classes  of  Members  and 
Associate  Members  are  still  more  important,  and  should  be  rigidly 
exacted.  Corporate  members,  before  attaching  their  signatures  to  a 
form  of  application  for  admission  into  the  Society,  should  make  it  a  rule 
to  verify  the  accuracy  of  the  statement  of  the  candidate's  professional 
career,  and  should  further  satisfy  themselves  that,  if  admitted,  he 
would  prove  a  fit  and  proper  member  of  the  Society.  This  is  especially 
necessary,  as,  in  many  cases,  the  applicant  is  personally  unknown  to 
the  members  of  Council.     It  would  also  greatly  aid  the  Council  in 
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coming  to  a  decision,  if  the  proposers  would,  in  every  case,  communi- 
cate, through  the  Secretary,  their  views  as  to  the  proper  classification 
of  the  candidate. 

A  careful  adherence  to  these  principles  will  do  much  to  maintain  that 
high  standard  which  esprit  de  corps  and  patriotism  alike  demand 
should  be  jealously  guarded  in  a  national  society. 

The  same  motive  which  leads  to  the  exclusion  of  ineligible  applicants 
will  induce  members  to  take  every  method  to  secure  men  who  will  be 
worthy  of  the  Society,  and  who  will  be  likely  to  contribute  to  its  per- 
manent advancement.  There  seems  to  be  aurple  opportunity  for  this 
kind  of  effort,  in  filling  the  ranks  of  the  class  of  Associates,  which  offers 
a  means  of  gaining  the  co-operation  of  men  distinguished  in  the  kindred 
sciences,  or  interested  directly  or  indirectly  in  the  development  of  the 
material  resources  of  the  country. 

BRANCHE8. 

The  Council  notes  with  much  satisfaction  that  a  branch  has  been 
established  in  the  City  of  Toronto.  This  result  has  been  largely  due  to 
the  efforts  of  Mr.  A.  Macdougall,  who,  from  the  first,  has  taken  a  deep 
and  practical  interest  in  the  welfare  of  the  Society.  It  is  greatly  to  be 
desired  that  the  example  of  Toronto  should  be  speedily  followed  in 
other  leading  centres,  as  the  discussion  of  the  various  papers  at  such 
centres  will  much  enhance  the  value  of  the  Transactions,  while  the 
holding  of  meeti  ngs  will  necessarily  call  out  more  practical  interest  in 
the  working  of  the  Society. 

The  Council  is  also  still  convinced  of  the  truth  of  the  principle 
which  led  the  original  framers  of  the  constitution  to  provide  for  the 
establishment  of  branches,  viz.,  that  the  national  character  of  the  Society 
would  be  best  preserved  by  giving  it  a  local  hold  in  different  parts  of  the 
Dominion. 

ANNUAL   MEETING. 

The  Third  Annual  Meeting  was  held  on  the  17th  Jauuary,  1889. 
The  morning  session  was  devoted  to  the  transaction  of  the  business  of 
the  Society,  and  in  the  afternoon  the  retiring  President,  the  late  Samuel 
Keefer,  delivered  an  address  on  the  Progress  of  Hydraulic  and  Rail- 
way Engineering,  referring  also  to  the  present  condition  of  Electrical 
and  Sanitary  Engineering. 

As  in  previous  years,  the  Annual  Meeting  was  concluded  by  a  con- 
versazione held  at  McGill  College.  The  Society  was  honoured  by  the 
presence  of  His  Excellency  the  Right  Honourable  Lord   Stanley   of 
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Preston,  to  whom  an  address  was  presented   by  the  President,  Colonel 
Gzowski,  A.D.C.,  in  the  name  of  the  Society. 

A  large  number  of  guests  were  entertained  on  this  occasion. 

ORDINARY   MEETINGS. 

During  the  year  1889,  sixteen  ordinary  meetings  of  the  Society  have 
been  held,  at  whioh  the  following  papers  were  read  : 

On"  The  Panama  Canal,"  byE.  Deniel ;  on  "  Cantilever  Bridges," 
by  C.  F.  Findlay  ;  on  "  The  Development  of  the  Locomotive,"  by  the 
late  T.  T.  Yernon  Smith;  on  "Work-shops,  their  Design  and  Con- 
struction," by  J.  Davis  Barnett ;  on  "  The  Colonial  Government  Dry 
Dock,  St.  John's,  Newfoundland,"  by  H.  C.  Burchell;  on  "The 
Esquimalt  Graving  Dock  Works,  B.C.,"  by  W.  Bennett;  on  "Bridge 
Calculations,"  by  H.  E.  Vautelet ;  on  "The  Design  and  Construction 
of  the  Avon  Bridge  (N  S.),"  by  R.  F.  Uniacke;  on  "  The  Cornwall 
Canal,"  by  the  late  S.  Keefer  ;  and  on  the  "  Vancouver  Water  Works," 
by  H.  B.  Smith. 

The  discussions  have  been  animated  and  well  sustained,  but  there 
is  always  room  for  improvement  in  this  direction.  The  Council  cannot 
too  often  remind  members  that  their  duty  to  the  Society  requires  them 
to  contribute  any  information  they  may  possess  on  the  subjects  under 
consideration. 

students'  meetings. 

There  have  been  four  students'  meetings,  at  which  papers  were  read 
on  "Locomotive  Construction,"  by  J.  P.  Tuplin,  B.A.Sc.  ;  on  the 
"  Grand  Trunk  Ey.  Double  Track,"  by  A.  W  Strong,  B.A.  Sc. ;  and  on 
"  Wood  Fibre  for  Paper-making,"  by  F.  A.  Bowman. 

Of  these,  Mr.  Tuplin's  Paper  and  Mr.  Bowman's  Paper  have  been 
considered  by  the  Council  worthy  of  record  in  the  Transactions. 

ACCOMMODATION. 

During  the  past  year,  the  meetings  of  the  Society  have  again  been 
held  in  rooms  at  McGill  College,  for  the  use  of  which  the  Society  is 
much  indebted  to  the  Board  of  Governors.  The  Council,  however,  has 
long  considered  that  the  growiug  requirements  of  the  Society,  and  the 
need  of  a  library,  in  which  the  books  could  be  consulted  with  conven- 
ience, rendered  it  most  desirable  that  the  Society  should  possess  rooms 
of  its  own.  This  has  now  been  made  possible  through  the  liberality 
of  your  President,  Colonel  Gzowski,  and  the  Council  has  there- 
fore secured  the  lease  of  the  first  floor  of  the  new  Bank  of  Montreal 
building,  at  the  corner  of  St.  Catherine  and  Mansfield  streets,  for  a 
term  of  rive  years.     It  will  be  observed  that  the  rooms  are  in  a  good 
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central  position,  and  it  is  hoped  that  the  natural  result  will  be  an 
increased  attendance  at  the  regular  meetings. 

It  is  expected  that  the  rooms  will  be  ready  by  the  1st  of  May,  and 
that  such  arrangements  will  have  then  been  completed  as  will  make 
them  at  all  times  available  for  tha  use  of  members. 

LIBRARY. 

A  number  of  donations  to  the  Library  have  been  received,  and  of 
especial  value  are : 

Fifteen  volumes  of  various  woks  on  Engineering,  from  Colonel 
Gzowski,  President. 

A  complete  set  of  the  Tenth  Census  of  the  United  States,  consisting 
of  thirty-four  volumes,  through  your  President,  from  the  U.  S.  Gov- 
ernment. 

Eight  volumes  of  Van  Nostrand's  Magazine  (186^-76),  and  seven 
volumes  of  Reports  of  Commissioners  of  Public  Works  and  Public 
Works  Reports  (1844-1870),  from  the  late  Samuel  Keefer. 

Volumes  I.  to  VII.  of  the  Transactions  of*  the  American  Society  of 
Mechanical  Engineers,  from  the  Council  of  the  Society. 

Nine  volumes  ol  Specifications  of  Government  Buildings,  alphabeti- 
cally arranged,  from  G.  F.  Baillairge,   Esq.,  Member  of  Council. 

Mr.  Baillairg^'s  donation  is  to  be  supplemented  at  an  early  date  by 
additional  volumes  of  specifications  relating  to  Harbors  and  other  works. 

The  collections  are  in  bound  volumes,  and  have  been  carefully  arranged 
to  meet  the  requirements  of  the  engineer,  to  whom  they  will  prove  of 
the  utmost  value  for  purposes  of  reference. 

The  Council  has  also  much  pleasure  in  stating  that  your  President 
has  given  a  further  proof  of  his  interest  in  the  Society,  by  intimating  his 
intention  of  presenting  to  the  Library  a  valuable  collection  of  engineer- 
ing works,  as  soon  as  the  rooms  shall  be  ready  for  their  reception. 

Donations  to  the  Library  have  also  been  received  from  Messrs.  H. 
Wallis,  F.  R.  F.  Brown,  H.  F.  Perley,  C.  Schreiber,  John  Kennedy, 
M.  Murphy,  C.  M.  Oddl,  J.  B.  Francis  (of  Lowell),  W.  McNab, 
R.  Hering,  S.  Fortier,  R.  P.  Cooke,  G.  Lindenthal,  etc. 

Exchanges  of  publications,  in  addition  to  those  previously  announced, 
have  been  arranged  with  each  of  the  following  Societies  : — 

The  Society  of  Civil  Engineers,  Paris,  France. 

The  Liverpool  Engineering  Society,  Liverpool,  England. 

The  Manchester  Association  of  Engineers,    Manchester,  England. 

The  Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Barnsley,  England. 
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The  North-East  Coast  Institution  of  Engineers  and  Shipbuilders 
Newcastle-on-Tyne,  England. 

The  Royal  United  Service  Institution,  London,  England. 

Another  donation  of  historic  interest  has  been  presented  to  the 
Society  by  the  late  Samuel  Keefer,  viz.,  a  painting  of  the  Suspension, 
Bridge,  which  he  designed  and  erected  at  Niagara. 

It  is  also  of  interest  to  note  that  Mr.  Keefer  built  the  first  suspen- 
sion bridge  on  this  continent,  over  the  Chaudiere  at  Ottawa. 

The  Society  is  also  fortunate  in  possessing  large  portraits  of  its 
Presidents,  and  it  is  hoped  that  future  Presidents  will  be  able  to  leave 
j  the  Society  like  pleasant  mementos. 

BUILDING    FUND. 

The  Building  Committee  reports  that,  in  response  to  the  two 
appeals  made  to  the  members  of  the  Society  for  aid  to   the  Building 

|  Fund,  it  has  received  subscriptions  to  the  amount  of  $3,323.00,  as 
per  annexed  list.     This  amount  has  been  contributed  by  37  members, 

i  13  associate  members,  1  associate,  and  21  students.  From  these  sta- 
tistics it  is  evident  that  the  Society,  as  a  body,  has,  so  far,  taken  little 
interest  in  the  movement.  It  is,  however,  very  satisfactory  to  find  that 
so  high  an  average  as  $46.20  per  subscribing  member  has  been  reached. 
Had  all  the  members  contributed  in  like  proportion,  the  Building  Fund 

,  would  now  have  amounted  to  not  less  than  $25,000.  Members  should 
bear  in  mind  that  no  entrance  fee  is  recpiired  on  admission  into  our 
Society,  so  that  an  extra  effort  is  necessary  to  meet  emergencies  such 
as  the  present. 

Your  President,  Colonel  Gzowski,  has  generously  given  $300.00 
a  year,  for  five  years,  towards  the  rental   of  rooms  for   the  Society, 

i  but  the   Building  Committee  feels   that  no  time   should  be   lost  and 

i  no  efforts  spared  in  raising  the  sum  required  for  the  purchase  of  a 
site  and  the  erection  of  a  building,  so  as  to  give  a  more  permanent  basis 

!  to  the  Society. 

New  subscription  lists  will  be  immediately  issued  to  all  who  have  not 
yet  subscribed,  and  the  Committee  hopes,  at  the  end  of  the  present 
year,  to  report  that  there  is  no  one  on  the  rolls  of  the  Society  who 
has  not  done  something  towards  aiding  in  a  work  so  important  to  its 
well-being. 

&  FINANCES. 

The  income  for  the  year  ended  on  31st  December,  1889,  amounted 
to  $3629.92,  and  the  general  expenditure  reached  $3075.95,  leaving 
a  balance  of  $553.97,  which,  together  with  the  balance  of  $1948.92 
brought  forward  from  the  year  1888,  gives  a  total  balance  of  $2502.89 
to  be  carried  forward. 
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Subscriptions  to  Building  Fund,  to  Nov.  21st,  1889. 


Name.  Class. 

Armstrong,  J.  S M. 

Barlow,  J.  R " 

Blackwell,  K.  W " 

Brown,  F.  R.  F " 

Drury,  E.  H " 

Duffy,  A " 

Dodwell,  C.  E.  W " 

Dawson,  W.B " 

Evans,  E.  A " 

Garden,  G.  H  " 

Harris,  W.  D " 

Hill,  A " 

Harkom,  J.W " 

Howard,  S       " 

Hannaford,  E.  P....    " 

Jennings,  W.  T " 

i  Keefer,  S    " 

j  Lloyd,  J.  Y " 

Leduc,  D " 

MacLeod,  M.  H " 

Massy,  G.  H « 

Macdougall.  A " 

Murphy,  M' " 

McWood,  W " 

McMillan,  D " 

Pirn,  J.  P " 

Poole,  H.  S " 

Peterson,  P.  A " 

Page,  John " 

Ross,  James " 

Schreiber,  C " 

Tate,  R.  F " 

Truich,  Sir  J.W « 

Valine,  L.  A " 

White,  J.  H.. " 

Webster,  G.  H ,..  " 

Wallis,  Herbert " 


Promised. 

020  00 

50  00 

80  00 

60  00 

20  00 

20  00 

20  00 

10  00 

50  00 

20  00 

20  00 

25  00 

20  00 

10  00 

100  00 

100  00 

100  00 

20  00 

20  00 

40  00 

15  00 

25  00 

40  00 

100  00 

24  00 
12  00 
20  00 

100  00 
100  00 
500  00 
100  00 

25  00 
100  00 

20  00 
100  00 

20  00 
100  00 


Name. 


Class.  Promised. 


S2206  00 


Allison,  J.  L A.M. 

Bannister.  H " 

Davis,  W.  M " 

Hooper,  G.  R " 


20  00 
40  00 
20  00 
40  00 


Irwin,  H A.M. 

Lesage,  T.  W " 

Mackenzie,  H.  J....  " 

Odell,  C.  M " 

Ostler,  C.  H " 

Smith',  C.  B " 

Thompson,  R " 

Vanier,  J.  E " 

Warren,  J " 


$20  00 
20  00 
20  00 
20  00 
20  00 
40  00 
20  00 
30  00 
4  00 

$314  00 


Reid,  R.  G A.  500  00 


Ball,  J.  P S. 

Brooks,  N.E " 

Cartwrisht,  C.  HI " 

Childs,  A.  E " 

Denison,W.  S " 

Dimock,  A.  H " 

Gibbons,  J " 

Hopkins,  M.  W « 

Haultain,  H.  E.  T " 

Jonah,  F.  G " 

Kilgnur,  W.  H.  A " 

Loignon,  E " 

Loi»non,  A " 

Mickle,  G " 

McColl,  R " 

McGregor,  J.  H " 

Redpath,  P.  W " 

Rinfret,  R " 

Shillinglaw,  W.  IL...  " 

Sargent,  C.  D " 

Williams,  M.  L " 


$4  00 
10  00 

4  00 
20  00 

5  00 
20  00 


5 

00 

1 

00 

15 

00 

12 

00 

10 

00 

20 

00 

20 

00 

10 

00 

12 

00 

20 

00 

10 

00 

20 

00 

25 

00 

20  00 

40 

00 

$303  00 

RECAPITULATION. 

Members 2206  00 

Associate  Members 314  00 

Associates 500  00 

Students 303  00 


$3323  -00 


It  was  moved  by  Colonel  Gzowski,  seconded  by  Mr.  P.  A.  Peterson, 
and  resolved  : — 
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"  That  the  Export  of  the  Council  be  received,  approved  and  printed 
in  the  Transactions." 

It  was  moved  by  Mr.  John  Kennedy,  seconded  by  Mr.  L.  A. 
Vallee,  and  resolved  : — 

"  That  the  Society  has  learned  with  the  deepest  regret  of  the 
death  of  its  past  President,  Samuel  Keefer,  in  whom  it  has  lost  an 
ardent  friend  and  supporter,  and  that  the  members  of  the  Society 
desire  to  convey  to  his  widow  and  relatives  their  sincere  sympathy  with 
them  in  their  bereavement,  and  their  hearty  appreciation  of  the  work  of 
Mr.  Keefer  during  a  long,  active  and  useful  life." 

The  Secretary  next  read  the  following  resolution  from  the  Branch 
at  Toronto  :  — 

Resolution  adopted  by  Toronto  Branch  at  meeting  9th  January. 
1890. 

"  That  this  branch  desires  to  express  its  sorrow  on  learning  of  the 
death  of  our  late  President,  Mr.  Samuel  Keefer,  to  whom  the  Society 
is  greatly  indebted  for  his  services  as  President  and  his  contributions 
to  the  Proceedings  of  the  Society. 

"  Mr.  Keefer,  during  his  long  and  nondurable  career  of  over  half  a 
century,  had,  at  various  times,  carried  out  several  of  the  largest  public 
works  of  the  Dominion,  which  stand  as  monuments  to  his  memory  and 
engineering  skill,  and  this  branch  desires  to  send  a  message  of  sym- 
pathy to  the  parent  society  on  the  loss  we   have  all  sustained." 

It  was  moved  by  Prof.  McLeod,  seconded  by  Mr.  K.  W.  Blackwell, 
and  resolved  : — 

"  That  the  scrutineers  of  the  ballot  for  the  election  of  officers  and 
members  of  Council  be  instructed  to  prepare  their  report  in  such  a 
manner  as  to  be  able,  in  the  event  of  amendment  d  to  by-law  7  being 
carried,  to  give  the  information  required  by  said  amendment." 

Letters  having  been  read  by  the  Secretary  from  Messrs.  John  Page 
and  C.  Sproatt,  signifying  the  wish  of  these  gentlemen  to  withdraw 
their  names  from  nomination  on  the  Ballot  Lists  for  the  election  of 
officers  and  members  of  Council  for  the  year  1890, 

It  was  moved  by  Mr.  E.  P.  Hannaford,  seconded  by  Mr.  P.  A. 
Peterson,  and  resolved  : — 

"  That  the  scrutineers  of  the  ballot  for  the  election  of  the  officers 
and  members  of  Council  be  instructed  to  make  no  returns  as  to  Messrs. 
John  Page  and  C.  Sproatt." 

Upon  the  instructions  of  the  President,  the  following  legal  opinion 
had  been  obtained  and  was  read  by  the  President : — 
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23rd  January,  1890. 
Henky  T.  Bovet,  Esq., 

Sec.  Can.  Soe.  C.  E. 
Dear  Sir, 
The  case  submitted  for  our  opinion  we  understand  to  be  as  follows  : 
The  nominating  committee  of  the  Canadian  Society  of  Civil  Engineers, 
acting  under  the  authority  of  by-law  No.  <>,  issued   to  the  members  a  list, 
Mr.  Page  being  nominated  by  them  as  President.    Mr.  Page  has  since  noti- 
committee  that  he  withdraws  his  acceptance  of  such  nomination. 
In  view  of  the  probability  of  there  being  no  ballot  cast  for  any  other  person 
as  President,  you  desire  to  know  what  course  of  action  the  Society  should 
fellow  in  order  to  a  valid  election  of  a  President  at  the   annual  meeting  of 
the  Society  to  be  held  to-day. 

We  -li.niid  suggest  either  of  the  following  courses  of  action  : 

1.  The  sealed  letter  ballots  are,  we  think,  by  the  terms  of  the  by-laws 
under  the  control  of  the  respective  members  (owners  thereof)  of  the  Society, 
until  they  are  in  the  hands  of  the  oflicer  or  scrutineer  appointed  at  the 
meeting  to  open  them.  We  would  suggest  that  certain  of  these  ballot 
paper-  be  withdrawn,  and  the  names  of  one  or  more  members  eligible  for 
election  to  the  office  of  President  be  substituted  for  that  of  Mr.  Page  on  such 
ballot  papers.  This  can  be  legally  done,  the  nomination  list  being  simply 
for  guidance  and  not  exclusive^ 

It  being  made  known  to  the  meeting  before  the  sealed  letter  ballots  are 
opened  that  Mr.  Page  has  withdrawn  his  acceptance  of  nomination  as  pre- 
sident, the  votes  cast  for  him  would  be  inoperative,  and  thi  choice  of  candi- 
dates wouid  then  be  limited  to  these  candidates  having  the  greatest  number 
of  vote-,  and  the  voting  upon  such  candidates  could  then  be  proceeded  with 
in  the  usual  way  in  terms  of  by-law  No.  7. 

2.  If  the  remedy  above  suggested  is  not  availed  of  by  further  nomination, 
than  that  of  Mr.  Page,  we  are  of  opinion  that,  as  the  by-laws  do  not  provide 
any  legal  solution  of  the  difficulty,  the  members  of  the  Society  may  proceed 
to  ballot  for,  and  elect,  any  member  eligible  for  the  position  of  president  in 
the  usual  way  without  reference   to  the  by-law,   and  such  election  will   be 

legal. 

We  remain,  yours  truly, 

Robertson,  Fleet  &  Falconer. 

The  meeting  having  resolved  to  adopt  the  course  recommended  by 
the  above  opinion,  the  corporate  members  withdrew  their  ballots  and 
returned  them,  after  having  made  such  alteration  therein  as  seemjd 
advisable  to  the  several  voters. 

It  was  moved  by  Mr.  P.  W.  St.  George,  seconded  by  Mr.  W.  E. 
Gower,  and  resolved  : — 

"  That  Messrs.  C.  H.  McLeod,  J.  M.  Shanly,  H.  Irwin,  G.  H. 
Duggan,  C.  Leprohon  and  C.  B.  Reed  be  scrutineers  of  the  ballot 
for  the  election  of  officers  and  members  of  Council  for  the  year  1890." 
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It  was  moved  by  Mr.  P.  A.  Peterson,  seconded  by  Mr.  H.  D.  Lums- 
end,  and  resolved  : — 

"  That  Messrs.  A.  P.  Low,  W.  Whited,  and  E.  A.  Stone  be  scru- 
tineers of  the  ballot  for  the  amendments  to  the  By-Laws." 

The  following  were  balloted  for  and  elected  the  Nominating  Com- 
mittee for  the  year  1890  : 

F.  L.  Wanklyn,  Montreal. 
C.  Schreibir,  Ottawa. 
A.  Macdougall,  Toronto. 
M.  Murphy,  Halifax. 
P.  Summerfield,  Victoria,  B.  C. 
T.  C.  Keefer,  Past  President,  Ottawa. 
The  following  Report  of  the  Committee,  anent  the  Summer  Conven- 
tion, was   read   by   the    Secretary    of  the   said    Committee,    Mr.  W. 

McNab  :— 

Montreal,  22ud  January  1890. 
Prof.  H.  T.  JBovet, 

Sec.  Can.  Soc.  C.  E., 

Montreal. 

Re  Proposed  Summer  Convention. 
Dear  Sir, 

I  have  much  pleasure  in  enclosing  you  the  Report  of  the  Summer  Con- 
vention Committee,  and  in  attaching  a  letter  from  Mr.  Alan  Macdougall 
of  Toronto,  dated  Jan.  11th. 

I  may  add  that  of  the  opinions  received  from  members  of  the  Society  in 
regard  to  location  for  a  Convention 

57   per  cent,  were  in  favour  of  Toronto. 


12     *       "         ««    « 
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it 

Montreal. 

12    "      "         "     " 

" 

cc 

Niagara  Falls. 

6     "       "         "     " 
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Quebec. 

6     "      "        "     " 

a 

cc 

Ottawa. 

3        «           «              K        CC 
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Lower  Provinces. 

3     «       u         cc     ,c 

<c 

cc 

Western  Pacific  points 

1      cc        a          a      u 

« 

Cc 

New  York. 

Aud  in  regard  to  the  time  of  year  : — 

For  month  of  May  7  per  cent. 

June  48  " 

c< 

July   13  " 

a 

Aug.   14  " 

(i 

Sept.   17  « 

cc 

Oct.      1  * 

a 

Youn 

faithfully, 

W.  McNAB, 

Secy,  to  Committee. 
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30  Adelaide  Street  East,  Toronto, 

lltb  January,  1890. 

He  Can.  Soc  C.  E.  Summer  Convention. 

W.  McNab,  Esq..  C  E., 

G.  T.  Ry.,  Montreal. 

Dear  Sir, 

The  following  resolution  was  passed  on  the  9th  : — 

That  this  branch  do  now  invite  the  members  of  the  Society  to  meet  in 
Toronto,  not  later  than  the  third  week  in  June  of  this  year,  and  hold  their 
Convention  in  this  city  under  the  auspices  of  this  branch. 

I  have  much  pleasure  in  personally  indorsing  this.  When  you  bring  it 
before  the  Society,  say  that  June  is  in  every  way  the  best  month  for  the 
Society  to  come  here.  I  have  had  to  arrange  for  the  visits  of  British  Asso- 
ciation, American  Public  Association  and  American  Association  for  the 
Advancement  of  Science,  all  of  which  took  place  in  the  end  of  August  and 
first  week  of  September,  and  it  has  been  very  hard  work  to  "  do"  the  thing 
properly.  In  the  early  part  of  June  everybody  is  in  town,  and  visitors  will 
be  much  better  entertained. 

Faithfully  yours, 
(Signed),  ALAN  MACDOUGALL. 

Montreal,  22nd  January,  1890. 
To  the  Council  and  Members  of  the  Canadian  Society  of  Civil  Engineers: 

Your  Committee,  appointed  at  the  regular  meeting  of  the  Society  held  on, 
the  5th  ult.  to  take  into  consideration,  and  report  at  the  Annual  Meeting 
upon  the  advisability  of  holding  a  Summer  Convention,  and  to  make  recom- 
mendations as  to  time,  place,  etc.,  beg  to  submit  the  result  of  their  deliber- 
ations and  enquiries  as  follows  : — 

1st.  That  in  order  to  promote  closer  professional  relations  and  more  inti- 
mate personal  acquaintance  amongst  the  members, resident  and  non-resident 
and  to  more  largely  extend  the  influence  and  sphere  of  the  Society,  a  Summer 
Convention  should  beheld. 

2nd.  That  in  regard  to  the  time  of  the  year  for  holding  such,  the  third  or 
fourth  week  in  June  is  recommended  as  the  most  suitable. 

3rd.  That  the  first  Convention  should  be  held  in  Toronto,  that  city  affording 
special  advantages,  and  being  more  centrally  situated,  besides  having  a 
branch  of  the  Society  already  established  there  ;  but  that  the  time  and  place 
of  subsequent  Conventions  should  either  be  determined  by  a  vote  of  the 
members  at  the  Annual  Meeting  immediately  preceding  it,  or  arranged  by 
Mie  Council  with  reference  to  the  convenience  of  members  connected  with 
he  place  selected. 

4th.  That  the  Presidential  Address  be  not  made  a  feature  of  the  Con- 
vention, but  reserved,  as  at  present  for  the  Annual  Meeting.    It  is  recom- 

ended,  however,  that  short  papers  might  be  prepared  specially  for  the  occa- 
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sion,  read  and  discussed,  and  visits  of  the  Societv  be  made  to  such  points  of 
engineering    or  scientific  interest  as  exist  in  the  section  of  the    country 
where  the  Convention  may  be  held. 
The  whole  respectfully  submitted. 

c  John  Kennedy,  Chairman. 
I  Alan  Macdougall. 
|  W.  P.  Anderson. 
Per  W.  McNab,  under  W.  McLea  Walbank. 

authority  J  F.  Came. 

j  G.  A.  Mountain. 

\W.  McNab,  Secretary. 

It  was  moved  by  Mr.  R.  Surtees,  seconded  by  Mr.  P.  W.  St.  George, 
and  resolved  : — 

"  That  the  Report  of  the  Committee  anent  the  Summer  Convention 
be  received  and  adopted,  and  that  the  Council  be  requested  to  take  the 
necessary  steps  to  carry  out  the  recommendations  therein  contained." 

Notice    was  given  of  the  following  proposed  amendment  to  By-Law 

6:— 

Line  7_ — Strike  out  the  words  "  who  are  neither  elective  officers  nor 
candidates  for  office." 

Proposed  by  W.  L.  Scott,  G-.  H.  Garden,  W.  Skaife,  H.  D.Lumsden, 
P.  A.  Peterson,  P.  W.  St.  G.-orga,  R.  Forsyth,  John  Kennedy,  St 
George  Boswell,  W.  J.  Sproule. 

The  scrutineers  of  the  ballot  for  the  amendments  to  By-Laws 
reported  as  follows: — 

(a)  By-Law  6,  line  13,  etc. — Instead  of  "  The  list  shall  contain 
twenty-sis  names,"  read,  "  The  list  shall  contain  at  least  twenty-six 
names."  Carried  by  76  per  cent. 

(b)  By-Law  6,  line  1 6,  etc. — Following  "  nineteen  for  councillors,"  insert 
"  It  shall  be  the  duty  of  the  nominating  committee  to  accept  as  nomi- 
nated for  any  office,  any  eligible  candidate  whose  name  is  submitted 
on  or  before  October  30th  with  his  consent,  by  five  or  more  members  ;" 
;md  instead  of  "  such  names  shall  be  forwarded  to  the  Council,"  read. 
"  all  names  nominated  shall  be  forwarded  to  the  Council." 

Carried  by  75  per  cent. 

(c)  By-Law  6,  line  21. — Instead  of  "  The  nomination  list  shall  be 
signed  by  a  majority  of  the  nominating  committee,"  read  "  The  list 
of  names  nominated  by  the  nominating  committee  shall  be  signed  by 
a  majority  of  that  committee.  Carried  6y  91  per  cent. 

(d)  By-Law  7. — Following  the  words  "  declared  at  the  Annual 
Meeting,"  add  "  and  the  report  of  the  scrutineers  shall  give  all  names 
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that  have  received  five  or  more  votes  and  the  number  of  votes  cast  for 
each."  Carried  by  67  per  cent. 

(c)  By-Law  38,  line  9. — After  the  words  "  31st  December  preced- 
ing," add  "  also  a  list  of  the  meetings  held  by  the  Council,  and  the 
names  of  those  present  at  each  meeting."  Carried  by  7G  per  cent. 

(f)  By-Law  16. — Instead  of  the  last  paragraph  commencing  "  In 
every  case"  and  ending  "works,"  substitute  "  In  every  case  the  can- 
didate must  have  held  a  position  of  professional  responsibility  for  at 
least  two  years."  Carried  by  90  per  cent. 

(g)  By-Law  21,  line  10. — After  "promoted,"  insert  "This  state- 
ment shall  not  be  required  from  Associates."     Carried  by  SI  per  cent. 

The  scrutineers  of  the  ballot  fur  the  electiuu  of  officers  and  members 
of  Council  for  the  year  1890  reported  that  the  following  had  been  duly 
elected  as : — 

President. 
Casinur  S.  Gzowski  (re-elected),  Toronto. 
Vice-  Pres  idents . 
Edmund  P.  Hannaford,  Montreal. 
John  Kennedy,  Montreal 
Henry  F.  Perley,  Ottawa. 
Treasurer. 
Herbert  Wallis. 
Secretary. 
Henry  T.  Bovey,  M.A.,  F.R.S.C,  Montreal. 
Librarian. 
Francis  Chadwick,  Montreal. 
Members  of  Council. 


William  P.  Anderson,  Ottawa. 
John  D.  Barnett.  Stratford. 
Kennet  W.  Blackwell,  Montreal. 
Fraucis  R.  F.  Brown,  Montreal. 
Charles  E.  W.  Dodwell,  Montreal. 
William  T.  Jennings,  Toronto. 
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It  was  moved  by  Mr.  J.  H.  Taylor,  seconded  by  Mr.  ft.  Surtees, 
and  resolved  : 

"  That  the  thanks  of  the  meeting  be  tendered  to  the  scrutineers,  for 
the  able  manner  in  which  they  have  performed  the  duties  entrusted  to 
them,  and  that  the  ballot,  papers  be  destroyed." 

It  was  moved  by  Mr.  E.  P.  Hannaford,  seconded  by  Mr.  F.  It.  F. 
Brown,  and  resolved  : — 

"  That  the  meeting  grants  the  Council  power  to  incur  the  necessary 
expenses  of  rental,  to  enable  the  new  rooms  of  the  Society  to  be  fur- 
nished and  the  Library  to  be  properly  catalogued,  together  with  the 
expense  required  to  make  provisions  for  such  attendance  at  the  rooms 
as  will  render  them  available  to  members." 

The  meeting  then  adjourned  until  three  o'clock. 

AFTERNOON    SESSION. 

At  three  o'clock  the  meeting  reassembled  in  the  Lecture  Hall  of  the 
Peter  Bedpath  Museum,  and  Colonel  Gzowski,  President,  delivered 
the  Annual  Address. 

At  the  conclusion  of  the  Address  it  was  moved  by  His  Excellency 
the  Right  Honorable  Lord  Stanley  of  Preston,  seconded  by  Sir  William 
Dawson,  and  unanimously  resolved  : — 

"  That  the  best  thanks  of  the  Society  be  presented  to  our  President, 
Colonel  Gzowski,  for  his  untiring  efforts  in  the  interests  of  the  Society 
during  the  past  year,  for  the  practical  aid  he  has  generously  given 
towards  its  establishment  on  a  firm  foundation,  and  for  the  very  able 
and  interesting  Address  he  has  this  day  delivered." 

It  was  moved  by  Mr.  H.  D.  Lumsden,  seconded  by  Mr.  J.  S.  Arm- 
strong, and  resolved  :  — 

"  That  the  thanks  of  the  Society  be  presented  to  Mr.  Herbert  "Wallis 
for  his  services  as  Treasurer  during  the  year  1889." 

It  was  moved  by  Mr.  St.  G.  Boswell,  seconded  by  Mr.  A.  J.  Lawson, 
and  resolved  : — 

"  That  the  thanks  of  the  Society  be  presented  to  Prof.  Bovey  for  his 
services  as  Secretary  during  the  year  1889." 

It  was  moved  by  Mr.  J.  H.  Taylor,  seconded  by  Mr.  J.  E.  Vanier, 
and  resolved : — 

"  That  the  thanks  of  the  Society  be  presented  to  Mr.  Francis  Chad- 
wick  for  his  services  as  Librarian  during  the  year  1889." 

Messrs.  Wallis,  Bovey  and  Chadwick  made  appropriate  replies, 
thanking  the  Society  for  its  expressions  of  approval. 

On  the  motion  of  Mr.  Hannaford,  seconded  by  Mr.  Kennedy,  a  cor- 
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dial  vote  of  thanks  was  presented  to  His  Excellency  Lord  Stanley,  for 
having  consented  to  be  present  at  the  Society  dinner  on  the  23rd  inst. 
and  at  the  delivery  of  the  President's  Address. 

The  President,  in  closing  the  proceedings,  thanked  Sir  William 
Dawson  for  the  kindness  he  had  shewn  the  Society  in  giving  it  a  home 
in  McGill  University  during  the  last  three  years. 

The  meeting  was  then  adjourned. 


PRESIDENT'S    ADDRESS. 


The  established  custom  of  the  Society  being  for  the  retiring  Presi- 
dent to  deliver  an  Address,  I  shall  make  an  effort  to  follow  the  example 
of  my  predecessors.  Before  entering  upon  the  subjects  to  which  I 
hope  to  secure  your  brief  attention,  I  must  express  my  grateful 
appreciation  of  the  cordial  manner  in  which  I  was  offered  the  highest 
position  in  the  gift  of  the  Society,  and  my  warmest  thanks  for  the 
unanimity  with  which  you  called  on  me  to  preside  over  it.  The  pro- 
gress of  the  Society  since  its  recent  organization  has  been  very  "ratlin 
ing.  The  liull  of  Members,  as  you  wili  have  observed  from  the  report 
of  the  Council,  is  as  follows  : — 

Honorary  Members 7 

Members .,, 265 

Associate  Members  102 

Associates 62 

Students 152 


588 


A  number  of  original,  interesting,  and  valuable  papers  on  Engineer- 
ing subjects  have  been  read  and  discussed  at  the  regular  meetings, 
which  have  been  fairly  attended.  As  this  has  ail  been  achieved  in  the 
first  three  years  of  the  life  of  our  Society,  I  submit  that  it  furnishes 
unquestionable  and  encouraging  evidence  of  its  usefulness  and  popu- 
larity. Our  Honorary  Members  are  all  men  of  such  marked  distinc- 
tion as  to  do  honour  to  the  Society.  The  first  who  accepted  election 
was  his  Excellency  Lord  Stanley  of  Preston,  G.  C.  B.,  Governor 
General  of  the  Dominion  of  Canada.  His  Excellency's  acceptance  of 
Honorary  Membership  of  our  Society  is  a  valuable  and  gratifying 
compliment  to,  and  affords  evidence  of  appreciation  of,  the  Engineering 
profession.  The  next  was  Sir  William  Dawson,  C.  M.  G.,  the  learned 
President  of  McGill  University,  to  whom  the  Society  is  under  great 
obligations  for  the  generous  hospitality  he  extended  by  giving  our 
Members  a  home  within  the  University  Buildings,  which  proved  a 
great  advantage  in  the  formative  period  of  the  Society's  existence. 


President's  Address.  61 

As  those  Honorary  Members  who  belong  to  our  Profession  have  all 

joined  our  ranks  since  my  accession  to  the  office  of  President,  I  may  be 
permitted  to  make  a  brief  reference  to  their  record  and  distinctions. 

Sir  Frederick  Bramweil,  besides  his  eminent  talents  as  an  engineer, 
has  won  unrivalled  fame  from  his  faculty  for  technical  exposition, 
combined  with  oratorical  powers  of  illustration — he  is  indeed  one  of 
the  brightest  lights  of  the  Profession. 

Sir  Charles  Hartley,  the  distinguished  hydraulic  engineer,  is  famous 
not  only  in  England,  but  on  the  continent  of  Europe,  having  been 
selected  by  England,  Austria,  and  Russia  to  act  as  chief  engineer  on 
the  Commission  for  the  improvement  of  the  navigation  of  the  River 
Danube. 

Sir  John  Fowler's  name  is  honourably  familiar  to  the  Profession  as 
that  of  the  designer  of  many  important  and  difficult  engineering  works, 

I  more  especially  the  one  approaching  completion — the  great  Bridge  over 
the  Forth.    This  unique  and  magnificent  monument  of  scientific  genius 

,  and  engineering  talent,  daring,  and  skill  has  carried  the  art  of  span- 

I  ning  wide  spaces  much  further  than  was  heretofore  conceived  as  prac- 
ticable. 

Sir  John  Hawkshaw  is  one  of  the  oldest  and  most  eminent  members 
on  the  roll  of  the  Mother  Society.  The  Severn  Tunnel,  just  completed, 
bears  striking  evidence  of  his  great  engineering  skill.  It  is  well  ex- 
pressed in  the  dedication  to  him  of  the  late  Mr.  Walker's  book  on  the 
Tunnel  in  the  words,  "  To  Sir  John  Hawkshaw's  professional  skill  and 
indomitable  perseverance,   the  Severn  Tunnel  will  ever  remain  a  last- 

,  ing  monument." 

I  must  not  pass  by  the  name  of  Sir  William  Thomson,  whe  enjoys  a 
world-wide  reputation  as  an  eminent  scientist.  He  is  especially  famous 
as  the  electrician  by  whose  exhaustive  experiments  the  exact  measure 
of  electric  power  was  arrived  at.  which  enabled  the  submarine  cables 
to  be  as  effective  as  they  now  are.  Indeed  we  owe  to  his  researches  and 
skill  the  marvellous  facility  for  almost  instantaneous  communication 

;  enjoyed  with  all  parts  of  the  world.  The  Society  has  every  reason  to 
be  congratulated  upon,  and  take  pride  in,  the  representatives  of 
Engineering  talent  on  her  roll  of  Honorary  Members. 

The  Addresses  of  my  two  predecessors  have  so  exhaustively  treated 
the  different  branches  of  the  Profession  with  reference  to  men  and  the 

!  works  with  which  they  were  associated  in  Canada,  that  I  find  it  diffi- 
cult to  say  anything  new  and  interesting  about  them,  for  although 
Canada  has  not  ceased  to  make  progress,  nor  her  Engineers  to  design 

j  and  carry  out  works  which  evidence  their  ability,  one  or  two  years  is 
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too  short  a  measure  of  time  to  allow  of  sufficient  development  of  new 
projects  for  the  text  of  an  Address,  or  any  extended  notice  of  such 
enterprises.  At  a  meeting  of  the  British  Association  last  year,  after 
heing  introduced  by  Sir  Henry  Roscoe  and  inducted  into  the  Presi- 
dent's Chair,  Sir  Frederick  Bramwell  commenced  his  brilliant  address 
by  saying :  "  The  late  Lord  Iddesleisjh  delighted  an  audience  for  a 
whole  evening  by  an  address  on  'Nothing.'  Would  that  I  had  the 
talents  and  could  discourse  to  you  as  charmingly  as  he  did  to  his 
audience,  but  I  dare  not  try  to  talk  about  '  Nothing  '."  In  the  same 
spirit  I  may  say  :  "  "Would  that  I  had  the  literary  gifts  of  Sir  Fred- 
erick, and  could  discourse  to  you  as  charmingly  as  he  did  to  the 
British  Association." 

But  lacking  those  powers  for  which  he  is  so  famed,  I  will  ask  your 
indulgence  while  I  offer  some  observations,  first,  upon  a  work  of  consi- 
derable magnitude,  to  which  my  predecessor,  the  late  Mr.  Samuel 
Keefer,  made  a  very  brief  allusion  in  his  Address, — I  refer  to  the 
Railway  Tunnel  under  the  River  St.  Clair.  That  interesting  work 
was  then  in  but  a  very  early  stage  of  progress.  Since  that  time  it  has 
advanced  very  rapidly.  This  tunnel  is  the  first  important  engineering 
work  of  that  description  in  Canada.  It  contains  some  novel  features 
of  much  interest  to  our  Profession. 

The  work  is  in  charge  of,  and  is  carried  on  by  a  Canadian  engineer, 
who  is  a  Member  of  our  Society,  Mr.  Joseph  Hobson,  Chief  Engineer 
of  the  Great  Western  Division  of  the  Grand  Trunk  Railway.  The 
Tunnel  under  the  River  St.  Clair  is  designed  to  connect  the  Grand  i 
Trunk  Railway  system  in  Canada  with  that  portion  of  its  organization 
which  is  in  the  United  States,  extending  as  far  as  Chicago.  The 
object  of  the  tunnel  is  to  do  away  with  the  necessity  of  the  present 
costly  ferry  for  passengers  and  freight  at  Point  Edward,  at  the  foot  of 
Lake  Huron,  which  during  the  winter  occasions  much  delay  from 
accumulations  of  ice.  The  organization  under  which  the  undertaking 
is  carried  on  is  a  chartered  company  under  the  laws  of  the  State  of 
Michigan  and  of  the  Dominion  of  Canada. 

About  the  year  1884  Mr.  Walter  Shanly,  a  member  of  our  Society, 
reported  upon  the  project.  He  recommended  locating  it  below  Sarnia, 
very  near  the  spot  where  the  tunnel  is  now  being  constructed,  but  he 
made  no  survey.  Under  instructions  from  Sir  Joseph  Hickson,  the 
President  of  the  Tunnel  Company,  Mr.  Hobson  made  the  necessary 
survey  in  1884,  and  finally  located  the  line  along  which  the  tunnel  is 
now  being  driven.  An  arrangement  was  made  by  the  Tunnel  Com- 
pany with  the  well-known  Engineer,  General  William  Soy  Smith,  to 
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drive  a  temporary  adit  as  a  trial  to  ascertain  the  nature  and  quality 
of  the  material  likely  to  be  encountered,  especially  under  the  River  St. 
Clair.  This  adit  had  only  been  partially  carried  out  when  a  flow  of 
gas  was  met,  which  caused  the  work  to  be  abandoned.  The  Tunnel 
Company  subsequently  decided  to  carry  out  the  work  themselves  uuder 
the  direction  of  their  Engineer,  Mr.  Hobson. 

Learning  of  the  decision  to  drive  a  full-sized  tunnel  for  a  single  line 
of  rails,  work  for  which  was  to  be  commenced  and  pursued  at  both 
ends,  and  that  the  tunnel  was  to  be  lined  with  cast-iron  flanged  plates, 
a  novel  mode  of  lining  in  America,  and  only  used  in  two  tunnels  of 
small  dimensions  in  England,  I  decided  to  personally  examine  the 
work.  I  waited,  however,  until  it  was  sufficiently  advanced  to  enable 
me  to  see  it  in  full  operation.  Having  visited  the  tunnel,  it  occurred 
to  me  that  an  account  of  the  progress  already  made,  with  other  parti- 
culars in  connection  with  this  large  work,  would  be  of  interest. 

The  total  length  of  the  tunnel  with  approaches  will  be  2  miles  and 
1145  feet.  The  length,  from  face  to  face  of  the  portals,  is  6.000  feet. 
The  depth  of  open  cutting  at  the  East  or  Canadian  side  of  the  tunnel 
is  62  feet;  at  the  West,  or  United  States  end,  52  feet.  The  length  of 
that  part  which  is  under  water  will  be  2310  feet,  with  a  gradient  to 
the  West  rising  one  foot  in  one  thousand.  The  greatest  depth  of  the 
River  St.  Clair  on  the  line  of  the  tunnel  is  forty  and  one  half  feet. 
The  minimum  thickness  of  the  roof  is  16  feet.  The  bottom  of  the 
tunnel  is  about  10  feet  above  the  rock  underlying  the  clay.  This  has 
been  ascertained  by  very  accurate  soundings  and  borings  taken  near 
the  line  of  the  tunnel  at  each  20  feet.  It  may  be  well  to  say  that  the 
flow  of  gas  was  found  immediately  above  the  rock,  indicating  that  its 
source  was  in  or  below  that  strata,  the  gas  escaping  through  fissures 
in  the  rock.  Locating  the  bottom  of  the  tunnel  above  the  rock,  and 
yet  securing  sufficient  thickness  of  material  to  support  the  roof,  was  in 
order  to  avoid  meeting  with  gas. 

The  material  through  which  the  tunnel  is  driven  is  clay,  with  pockets 
of  wet  sand  and  gravel.  Large  boulders  are  occasionally  encountered. 
The  clay  varies  in  quality,  changing  from  hard  to  soft  so  abruptly,  that 
one  side  of  the  shield  works  sometimes  in  hardpan  while  the  other  side 
is  in  material  of  the  consistency  of  putty,  so  soft  as  to  flow  under  the 
pressure  of  the  superincumbent  weight.  The  borings  that  have  been 
made  in  the  bed  of  the  river  parallel  to  the  axis  of  the  tunnel  indicate 
that  the  material  as  described  will  be  found  throughout.  The  tunnel 
in  cross  section  is  circular  with  an  inside  diameter  of  19  feet  10  inches. 
It  is  a  circular  tube,  lined  throughout  with  flanged  plates  of  cast-iron 
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two  inches  thick,  five  feet  long:,  bolted  together.  The  ends  of  these 
plates  are  planed  to  make  a  close  joint,  and  before  being  used  they  are 
heated  and  soaked  in  tar.  The  lower  half  of  the  lining  is  encased  out- 
side in  three  inches  of  grout,  formed  of  the  best  Portland  cement  and 
coarse  sharp  sand.  Holes  are  made  in  the  upper  part  of  each  plate 
through  which  the  grout  is  poured  in.  Under  the  river  the  whole  of 
the  outside  of  the  cast-iron  lining  will  be  covered  in  this  way. 

In  the  prosecution  of  the  work  an  iron  shield  is  used,  under  the  pro- 
tection oi  which  the  excavation  is  carried  on  and  the  cast-iron  lining 
is  put  together.  The  shield  is  just  large  enough  to  enclose  the  cast- 
iron  lining,  and  as  the  excavation  in  front  of  it  is  advanced,  it  is  moved 
forward  just  far  enough  to  put  together  one  section  of  the  tunnel 
lining.  As  the  width  of  these  sections  or  rings  is  only  18  inches,  and 
as  the  rear  portion  of  the  shield  which  encloses  the  lining  overlaps  it  39 
inches,  the  forward  end  of  the  lining  is  always  within  the  shield.  To 
ensure  safety  as  far  as  possible  in  the  event  of  a  sudden  strong  flow  of 
quicksand  or  water,  an  iron  diaphragm  or  bulkhead  is  built  across  the 
shield  48  inches  from  the  rear  of  it,  with  two  sliding  doors  which  can 
at  once  be  closed.  To  give  an  intelligible  description  of  the  shield 
would  require  drawings,  but  it  may  be  said  that  it  differs  in  many 
respects  from  Barlow's,  Greathead's  and  Beache's  shields,  the  con- 
struction of  each  having  been  carefully  examined.  It  is  made  entirely 
of  steel,  its  weight  being  about  80  tons. 

Close  to  its  circumference,  and  just  outside  the  outer  shell  of  the  shield, 
there  are  placed  24  hydraulic  jacks,  so  that  the  rams  can  be  worked 
against  the  finished  iron  lining  of  the  tunnel  when  the  shield  has  to  be 
moved  forward.  These  rams  are  operated  by  steam  force  pumps,  and 
can"  be  used  singly,  in  groups,  or  altogether.  The  cocks  controlling 
them  are  so  placed  that  one  man  can  work  12  of  them  without  chang- 
ing his  position.  The  aggregate  power  of  the  24  jacks  in  the  shield  is 
3,000  tons,  which  is  immensely  in  excess  of  what  is  required  to  move  it. 
But  it  has  been  found  during  the  progress  of  the  work  that,  when  a 
nodule  of  extremely  hard  material  is  met  with,  the  work  has  to  be  done 
by  a  small  group  of  jacks  at  the  point  where  the  hard  clay  is  encoun- 
tered. Although,  as  I  have  already  said,  the  shield  differs  materially 
from  all  other  shields,  its  circular  form  and  mode  of  propulsion  by  jacks 
is  common  to  other  shields.  An  ingenious  arrangement  is  provided,  to 
show  whether  the  position  of  the  shield  is  maintained  in  the  direct  line 
of  the  tunnel.  Deviation  from  the  right  line  is  ascertained  by  measure- 
ment, and  is  marked  on  a  diagram  prepared  for  this  purpose,  which  is 
kept  as  a  record.     One  of  these  measurements  for  record  is  made  daily, 
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after  placing  the  last  section  of  the  lining  for  that  day's  work.  Any 
deviatiou  is  corrected  next  day  by  working  the  shield  to  the  right  or 
left,  lifting  it  or  lowering  it  as  may  be  necessary.  Thus  far,  the  devia- 
tions have  been  very  trifling,  not  exceeding  two  inches  in  any  direction- 
The  average  rate  of  progress  at  the  two  ends  of  the  tunnel  has  for  some 
time  been  15  feet  per  day  of  2-4  hours.  The  rate  is  wholly  dependent 
upon  the  character  of  the  material  met  with.  On  a  face  of  twenty-one 
and  a  half  feet  in  diameter,  the  size  of  the  shield,  only  16  men  can 
excavate  at  a  time.  The  removal  of  the  clay,  after  it  is  cut  out,  as 
well  as  putting  in  the  lining,  appears  to  be  done  without  any  difficulty 
or  delay.  The  men  have  already  become  so  expert  in  the  work  of 
excavation,  as  well  as  in  placing  together  the  cast-iron  segments  form- 
ing the  lining,  that,  under  ordinary  circumstances,  they  can  complete  a 
full  ring  in  one  hour,  sometimes  in  a  less  period.  I  found  the  tunnel 
quite  dry.  Provision  is  made  during  construction  to  catch  the  rain 
water  that  falls  into  the  open  cutting  at  each  end  of  the  tunnel,  into 
wells  at  the  portals,  from  whence  it  is  pumped  by  steam  power  into 
channels  at  the  top  of  the  slopes.  It  is  also  thoroughly  ventilated. 
Fresh  air  is  supplied  by  blowers  with  a  capacity  of  600,000  feet  of  air 
per  hour. 

The  total  length  on  both  sides  of  the  river  of  the  completed  tunnel  to 
the  22ud  of  January  is  2006  feet,  in  Canada  844  feet,  in  the  United 
States  1162  feet.  In  a  work  of  this  character  it  is  very  difficult  to 
make  a  reliable  estimate  of  cost  at  so  early  a  stage  of  progress,  but  it 
is  believed  that  the  cost  of  the  tunnel  completed  with  approaches  and 
permanent  way  will  be  about  $2,500,000.  Future  difficulties,  parti- 
cularly under  the  river  from  gas  and  water,  also  the  system  of  ventila- 
tion, have  been  very  carefully  considered,  and  provision  is  made  to 
meet  them.  The  time  named  for  the  completion  of  the  tunnel  is  July, 
1891. 

In  the  Address  of  my  predecessor,  the  late  Samuel  Keefer,  a  short 
reference  is  made  by  him  to  the  great  cantilever  bridge  across  the 
Forth,  constructed  by  Sir  John  Fowler  and  Mr.  Benjamin  Baker. 
Having  been  engaged  in  the  construction  of  an  important  railway  bridge 
across  the  Niagara  River,  the  International  Bridge,  more  especially  in 
the  treatment  of  sub-aqueous  foundations,  where  I  made  a  novel  use  of 
well-known  appliances,  anchors  and  chains,  in  accurately  locating 
and  founding  the  caissons  for  piers,  I  became  very  much  interested 
in  the  construction  of  the  Forth  Bridge.  That  gigantic  monument 
of  engineering  skill,  which  has  upset  all  former  theories  on  the  di- 
mensions of  rigid  spans  for  bridges,  deserves,  I  think,  a  more  extended 
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notice  to  be  placed  among  the  records  of  our  Society.  With  that  object 
in  view  I  obtained  from  Mr.  Baker  information  with  permission  to  use  it, 
which  enables  me  to  give  a  brief  account,  free  from  technicalities, 
of  this  great  work,  that  may  prove   interesting  and  instructive. 

The  bridge  across  the  Frith  of  Forth  is  at  this  date  a  bridge 
with  the  largest  spans  in  the  world.  Its  total  length  is  7098  feet 
6  inches,  made  of  two  spans,  each  1700  feet  in  the  clear,  the  remain- 
ing distance  is  covered  by  iron  lattice  girders  on  stone  piers.  Its 
construction  was  the  outcome  of  railway  competition.  The  Frith  of 
Forth  at  Edinburgh  being  from  one  to  five  miles  wide  blocks  the  direct 
line  of  the  East  Coast  railways.  Traffic  must  either  be  diverted  many 
miles,  or  cross  the  stream  in  ferry  boats.  The  Forth  Bridge  will  make  the 
line  of  which  it  forms  a  part  continuous.  Its  construction  was  long 
delayed,  owing  to  the  great  width  and  depth  of  the  Forth.  It  is  not 
easy  to  realize  how  vast  is  the.  difference  between  a  bridge  with  a  1700 
ft.  span  and  the  largest  span  of  a  railway  bridge  hitherto  constructed. 
The  height  of  the  steel  work  is  also  exceptionally  great,  being  equal  to 
that  of  the  golden  cross  at  St.  Paul's,  360  feet,  while  the  total  height  of 
the  bridge  is  just  equal  to  that  of  the  Great  Pyramid,  460  feet.  As 
regards  the  principle  of  design,  "  Cantilever  "  is  a  200  year  old  term 
for  a  "Bracket,"  and  the  Forth  Bridge  spans  are  made  up  of  two 
brackets  and  a  connecting  girder.  On  these  brackets  there  is  a  hori- 
zontal pull  of  10,000  tons,  and  on  their  bases  rests  a  weight  of  100,000 
tons.  The  principle  of  bracket  and  girder  construction  is  as  old  as  the 
hills,  as  it  lends  itself  particularly  to  timber  construction,  which  pre- 
ceded masonry.  A  wooden  bridge  built  230  years  ago  in  Thibet,  with 
a  span  of  182  feet,  was  the  true  prototype  of  the  Forth  Bridge,  which 
only  became  possible  when  Bessemer  steel  was  invented.  One  of  the 
advantages  of  the  cantilever  system  is  facility  and  safety  of  erection, 
as  such  bridges  can  be  built  by  commencing  at  the  piers  and  adding 
successive  bays  of  the  cantilever  right  and  left  until  the  whole  is  com- 
pleted. There  is  thus  no  moment  when  the  safety  of  the  whole  struc- 
ture is  dependent  upon  the  integrity  of  some  temporary  staging. 
At  first  glance  one  might  think  that  a  cantilever  or  bracket  was  not 
adapted  to  carry  great  weights  or  for  long  spans.  But  in  long  spans  the 
dead  weight  of  the  structure  itself  is  the  most  important  element,  and 
since  a  bracket  requires  to  be  the  strongest  at  the  root,  and  lightened 
out  towards  the  point,  it  follows  that  the  main  weight  of  the  cantilever 
lies  towards  the  support  and  acts  at  a  relatively  small  leverage.  The 
cantilevers  or  brackets  of  the  Forth  Bridge  are  enormously  strong.  Mr. 
Baker  says  that  half  a  dozen  iron-clads  might  be  hung  upon  them. 
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The  works  of  the  bridge  were  commenced  in  1883.  Mr.  Arrol,  of 
Glasgow,  was  the  contractor.  A  start  was  made  with  the  pier  work 
simultaneously  with  the  erection  of  shops  and  machinery  for  the  manu- 
facture of  the  superstructure.  Each  main  pier  consists  of  a  group  of  4 
cylindrical  masonry  piers  about  70  feet  diameter.  These  are  founded 
ou  rock  or  hard  boulder  clay  at  depths  ranging  up  to  90  feet  below  high 
water.  Six  of  the  cylindrical  piers  were  put  in  place  by  the  use  of 
compressed  air.  The  piers  were  floated  into  position  by  building  them 
hollow  in  the  first  instance,  and  filling  them  with  solid  masonry  subse- 
quently. The  whole  was  enclosed  in  a  bottom  placed  about  7  feet 
above  the  external  cylindrical  skin,  so  that  a  huge  diving  bell,  70  feet 
in  diameter  and  7  feet  high,  constitutes  the  bottom  of  each  pier.  When 
in  position  the  water  was  driven  out  of  the  chambers  by  forcing  in  com- 
pressed air.  Workmen  then  entered  through  air-locks,  and  carried  on 
the  excavation  90  feet  below  the  waters  of  the  Forth. 

Mr.  Baker  describes  the  fixing  of  one  of  the  piers  thus  : — "  A  huge 
iron  caisson,  70  feet  in  diameter  and  about  50  to  60  feet  high,  was  built 
on  launching  ways  like  a  ship.     The  bottom  of  the  caisson  was  set  up 
7  feet  above  the  cutting  edge,  and  so  constituted  a  chamber  70  feet  in 
diameter  and  7  feet  high,  capable  of  being  pumped  full  of  compressed 
air."      The  iron  work  weighed  about  500  tons,  and  when  towed  out 
into  position  the  concrete  and  brick  work  added  brought  the  total  weight 
up  to  2700  tons.     Additional  concrete  was  then  filled  in,  and  when  the 
weight  reached  3300  tons,  the  caisson  grounded  on  the  sea  bottom,  where 
a  bed  had  been  prepared  for  it  with  sand  bags.      The  workmen  then 
entered  through  air  locks,  and  the  excavation  work  proceeded   in  an 
electrically  lighted  chamber.     The  barometer  is  considered  high  at  31 
inches,  but  in  the  working  chamber  it  often  stood  at  72.      It  may  be 
interesting  to  remark  that  when  Coxwell,  the  aeronaut,  made  his  high 
ascent,  the  barometer  fell  to  7.^,  or  about  one-tenth  of  the  height  named, 
which  illustrates  how  marvellously  the  human  body  is  adapted  to  sus- 
tain wide  variations  of  atmospheric  pressure.      The  superstructure  of 
this  gigantic  bridge  required  the  manufacture  on  the  spot  of  50,000 
tons  of  steel  girders  and  other  work.     As  a  rule  the  compression  mem- 
bers consist  of  tubes,   and  the  tension  members  of  lattice  girders  ;   and 
this  arrangement  from  an  architectural  point  of  view  proved  most  effec- 
tive.    The  central  connecting  girder  was  erected  in  two  halves  tempo- 
rarily connected  with  the  projecting  ends  of  the  cantilevers.     The  bot- 
tom membevs  of  the  two  halves,  at  the  centre  of  the  1700  ft.  span,  had 
large  holes  bored  in  them,  for  the  insertion  of  pins  to  connect  the  two 
projecting  halves  of  the  bridge,  each  of  course  850  feet  long.      These 


68  President's  Address. 

holes  had  to  be  watched  so  as  to  seize  the  right  moment  when  the  vary- 
ing temperature  and  consequent  expansion  of  the  steel  brought  them 
opposite  each  other,  so  that  the  pins  could  be  dropped  in.  The  next 
thing  was  to  release  the  temporary  ties  holding  the  top  members  of  the 
central  girder  to  the  cantilever.  These  were  steel  bars  three  feet  wide 
and  two  inches  thick  ;  to  cut  through  such  section  of  steel  would  have 
taken  a  long  time.  Mr.  Arrol,  the  contractor,  arranged  portable  oil 
furnaces  by  which  ihe  ties  could  be  made  white  hot  in  a  snort  time, 
and  so  the  strain  on  the  ties  was  relieved  as  effectually  as  by  cutting 
them.  Mr.  Baker  admits  ihat  the  cost  of  the  bridge  exceeded  the 
estimates.  He  claims  that  this  was  not  an  exceptional  thin;.',  and 
says  that  if  such  a  bridge  had  to  be  built  again,  time  and  money  might 
both  be  saved.  It  is  expected  that  trains  will  begin  to  run  over  the 
bridge  in  March  next.  Before  concluding  a  reference  to  this  great 
bridge,  I  may  add  that  last  year  a  charter  was  granted  for  a  2800 
feet  span  bridge  at  New  York. 

This  year,  Messrs.  Schneider  &  Company  of  Creusot,  in  conference 
with  Sir  John  Fowler  and  Mr.  Baker,  as  consulting  engineers,  have 
designed  the  steel  work  of  a  bridge  over  the  English  channel,  and 
Messrs.  Hersent  &  Co.,  of  Suez  and  Panama  Canal  fame,  have  designed 
the  piers.  The  total  length  of  the  projected  bridge  is  24  miles,  the 
Dumber  of  piers  120,  the  width  of  the  openings  from  328  to  1640  feet, 
the  clear  headway  for  ships  180  feet,  the  greatest  depth  of  water  180 
feet,  and  the  height  from  the  foundations  to  the  top  of  the  steel  work 
600  feet.  It  is  calculated  that  a  trifle  less  than  a  million  tons  of  steel 
would  be  required  for  this  stupendous  structure.  The  estimated  cost 
of  the  bridge  is  £34,000,000  sterling. 

The  Forth  Bridge  is  not  only  a  lasting  monument  to  the  designers 
and  constructors,  but  verifies  and  most  forcibly  illustrates  the  fitness 
of  the  motto  adopted  for  the  profession  of  civil  engineer  :  "  Whereby 
the  great  sources  of  power  in  nature  are  converted,  adapted,  and 
applied  for  the  use  and  convenience  of  Man." 

ELECTRICAL    ENGINEERING. 

Electricity  as  a  science  and  electrical  engineering  are  making  very 
rapid  progress  to  control  that  wonderful  power  in  nature,  for  the  use 
and  convenience  of  man,  which  was  so  graphically  described  by  Mr- 
Thomas  Keefer,  in  his  address  to  the  Society,  as  "that  force  like 
steam,  and  like  it  chiefly  known  by  its  effects  ;  its  range  is  universal  in 
the  heavens  above  and  the  earth  beneath,  and  apparently  in  all  things 
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living,  in  all  animal  and  vegetable  life."      It  is  not  my   intention  to 
enlarge  at  present  on  the  numerous  improvements  in  the  production 
and  use  of  electricity  for  giving  light  and  motive  power.     But  it  may 
be  of  interest  to  know  that  its  use   as  a  motive  power  is  being  very 
rapidly  developed.      One  of  the  early  practical  satisfactory  results  of 
electrical  power  transmission  was  at  Virginia  City,  Nevada,   on  the 
celebrated  mining  property,    "  The   Comstock  Lode,"   where   water 
power  from  streams  in  the  Sierra  Nevada  Mountains  was  found  to  be 
insufficient   to  work  the   stamp   mills.     A  tunnel  is  driven  into  the 
mountain   to   a   point  at  which  a  chamber  is  excavated  out  of  solid 
porphyry,   for  the  reception  of  dynamo  electric  generators   and  water 
wheels.     This  chamber  is  50  feet  long,  25  feet  wide,  and  about  12  feet 
high.     From  the  tank  above  the  tunnel  at  an  elevation  of  1650  feet, 
containiuo;  waste  surface  water,  two  wrought-iron  pipes  are  led  to  this 
chamber  which  supply  water  to  wheels  that  drive  the  large  dynamo 
generators,  each  of  130  horse  power  capacity,  with  sufficient  numbers 
of  them    to   generate    in  the    aggregate   800  horse  power  which  is 
transmitted  to  the  stamp  mills,  and  by  this  means  they  are  doubled  in 
number,  aud  worked  at  70  per  cent,  less  cost. 

As  Chairman  of  the   Commissioners  of  the  Victoria  Niagara  Falls 
Park,   I  am  in  negotiation   for  the  use  of  Niagara  Falls  to  generate 
electricity  in  sufficient  quantity  and  power  to  be  transmitted  to  Butfalo, 
Lockport.  Rochester,   Hamilton  and   Toronto,   there  to  be  used  as  a 
motive  power  for  working  stationary  engines  at  a  greatly  reduced  cost 
per  horse  power.     The  project  is  to  drive  a  tunnel  under  the  Falls  at  a 
point  about  165  feet  below  the  upper  level  of  the  river,  and  at  its  ter- 
mination excavate  a  large  chamber  for  placing  water  wheels  and  dyna- 
mos.    The  supply  of  water  to  be  from  pipes  leading  into  the  tunnel, 
with  a  fall  of  about  160  feet.   That  an  almost  unlimited  electric  power 
can  be  generated  by  the  use  of  Niagara  Fails  is  not  doubted.     The 
transmission  of  that  power  to  contemplated   distances  in  an   effective 
form  is  maintained  by  some  electrical  experts  as  quite  practicable ; 
there  are  others  again  who  place  a  much  shorter  limit  to  the  power  of 
transmission.     However  that  may  result,  there  can  be  no  doubt  that 
the  science  of  electricity  and  its  uses  is  still  in  a  very  early  stage  of 
development. 

Allow  me  to  close  my  Address  with  a  short  reference  to  my  own  per- 
sonal engineering  experience  in  Canada.  The  very  great  progress 
Canada  has  made  in  the  development  of  her  canals,  railways,  and  other 
public  works  within  the  last  half  century  induces  me  to  ask  you  to  bear 
with  me  for  a  few  moments,  while  I  make  some  references  to  the  condi- 
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tion  of  public  works,  more  especially  those  in  Upper  Canada,  now  the 
Province  of  Ontario,  in  the  year  1841,  requiring  the  services  of  engi- 
neers. I  do  this  for  the  purpose  of  contrasting  the  beginnings  at  that 
period  with  the  magnitude  of  works  accomplished  with  the  aid  of  engineer- 
in°-  skill  as  they  are  to-day.  During  the  administration  of  the  Govern- 
ment by  the  late  Sir  Charles  Bagot,  Governor  General,  I  was  appointed 
in  1841  in  charge  of  construction  of  all  kinds  of  roads,  plank,  mac- 
adam, etc.,  harbours,  light-houses  and  bridges,  not  including  the  Wel- 
land  canal  ;  that  work  was  under  charge  of  my  predecessor  as  President 
of  the  Society,  the  late  Mr.  Samuel  Keefer,  who  at  that  time  occupied 
the  position  of  Chief  Engineer  of  Public  Works  in  Upper  and  Lower 
Canada,  with  the  late  lion.  H.  H.  Killaly  as  Chairman  of  the  Board  of 
Works.  It  was  a  period  immediately  after  the  negotiation  of  a  loan  for 
£1  500,000  stg.  by  the  united  provinces  of  Upper  and  Lower  Canada. 
The  proceeds  were  to  be  applied  for  the  construction  of  public  works  in 
both  provinces.  The  district  containing  works  placed  under  my  charge 
extended  from  Kingston  on  the  east  to  Toronto,  Hamilton,  and  the 
southern  shore  of  Lake  Erie  on  the  south,  Amherstburg  and  Sarnia  on 
the  west,  Owen  Sound  and  Penetanguishene  on  the  north,  in  all  con- 
taining 41  district  works.  A  list  of  these  will  be  found  in  the  report 
of  the  Commissioner  of  Public  Works  for  the  year  1848,  on  page  50, 
accompanied  by  my  reports  on  each.  The  amount  expended  on  each  of 
them  varied  materially,  but  in  the  aggregate  amounted  to  about 
12,000,000,  which  in  those  days  was  considered  a  very  large  sum. 

The  location,  laying  out,  and  supervision  of  this  number  of  scattered 
works,  with  very  limited  assistance  from  willing  and  hard  working  men, 
in  most  cases  with  very  little  engineering  knowledge  or  experience, 
was  no  easy  task.  The  work  was  rendered  more  difficult  by  the 
impossibility  of  rapid  communication,  for  from  35  to  40  miles  a  day, 
whether  on  wheels  or  in  the  saddle,  sometimes  for  the  greater  part  on 
foot,  was  considered  a  good  day's  journey.  The  existing  roads  in  those 
days  were  in  the  occasionally  cleared  portions  of  the  country,  formed 
only  with  the  material  thrown  out  of  small  ditches  and  placed  in  the 
centre  of  the  road  allowance,  without  any  regard  to  form  ;  while  in  the 
uncleared  portions  of  the  country,  which  were  by  far  the  largest,  the 
roads  were  made  by  cutting  down  trees  for  a  certain  width  on  each 
Ride  of  the  centre  line,  but  only  blazing  those  standing  on  or  near  the 
boundaries  of  the  66  feet  road  allowance, — the  statutory  width  for 
roads.  The  setting  out  of  these  allowances  for  roads  was  done  with 
ordinary  compass  by  amateur  surveyors  who  practised  in  those  days. 

The  act  respecting  land  surveyors,  requiring  them  to  pass  an  exam- 
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ination  before  being  allowed  to  practice,  was  not  passed  until  18-49. 
Drainage,  which  by  that  eminent  authority,  McAdam,  is  considered  to 
be  the  primary  and  most  important  condition  in  making  a  road,  was 
not  understood,  and  therefore  altogether  ignored.  Where  there  was  a 
wet  spongy  depression,  it  was  filled  with  logs  covered  with  a  small  quan- 
tity of  earth  that  soon  disappeared,  leaving  the  logs  bare.  Such  por- 
tions of  a  road  were  called  "  Corduroy,"  and  were  the  dread  of  all  who 
were  obliged  to  travel  over  them.  The  length  of  time  required  for  a 
journey  and  the  discomfort  of  travelling  over  such  roads  can  only  be 
understood  aud  appreciated  by  those  who  were  compelled  to  go  over 
them.  I  make  this  allusion  to  show  the  physical  effort  and  endurance 
that  were  needed  to  visit  the  different  works  sufficiently  often  to  see 
that  they  were  being  properly  carried  out.  There  were  in  all  about 
600  miles  of  varied  classes  of  roads. 

To  show  the  novelty  in  those  days  of  engineering  works,  I  may  be 
allowed  to  narrate  an  incident :  I  had  to  build  a  bridge  across  the 
River  Thames  near  London,  now  within  the  limits  of  that  city,  on  the 
road  to  Sarnia,  to  replace  a  temporary  structure  then  in  use.  The  new 
bridge  was  on  the  Howe  truss  plan  with  the  roadway  on  the  bottom 
chord,  one  span  of  160  feet.  When  this  bridge  was  completed  ready 
for  traffic,  and  just  before  the  removal  of  the  temporary  one,  I  was 
waited  upon  by  several  leading  citizens  of  London,  who  inquired  if  I 
had  absolute  confidence  in  the  stability  of  the  bridge  to  carry  the  heavy 
traffic  that  the  improved  condition  of  the  road  would  bring  upon  it? 
They  thought  it  too  light  and  spidery.  Fortunately  batteries  of  Royal 
Artillery  were  quartered  in  London.  I  asked  the  commanding  officer 
to  take  them  across  the  bridge  to  test  its  strength.  He  replied,  "  Yes, 
if  you  will  agree  to  stand  under  it."  The  batteries  crossed  the  bridge 
at  a  walk,  then  at  a  trot,  without  even  disturbing  the  camber.  That 
established  confidence  in  the  bridge. 

The  introduction  of  plank  and  McAdam  roads  gave  rise  to  a  desire 
for  better  means  of  communication,  as  their  construction  gave  such 
striking  evidence  of  great  saving  of  time  by  the  ability  to  carry  heavier 
loads  more  rapidly,  with  reduced  wear  and  tear  of  horses  and  vehicles, 
hence  with  greater  economy  of  carriage.  This  practical,  beneficial 
evidence  pioneered  the  way  to  the  construction  of  railways,  towards 
which  counties,  cities,  towns  and  townships  voted  subsidies  in  the  form 
of  bonds  towards  the  cost  of  building  them.  While  plank  roads  were 
considered  a  novelty,  investigation  proved  that  the  system  was  very 
ancient.  The  Prussian  Minister  of  Education,  having  learned  that 
Prof.  Knoke  found  traces  of  old  Roman  plank  roads  in  Lower  Hanover, 
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had  the  matter  fully  investigated.  Two  plank  roads  were  traced  built 
across  a  moor.  One  of  them  showed  signs  of  having  been  demolished 
by  force,  the  boards,  that  originially  were  fastened  to  the  bearers  with 
trenails,  having  been  violently  torn  away  and  buried  in  the  bog.  The 
other  road  seemed  to  have  fallen  into  decay,  but  it  appears  to  have  been 
repaired  during  the  Roman  period.  Those  repairs,  apparently,  were 
done  hastily,  for  in  one  place,  a  mallet,  probably  used  to  drive  home 
the  trenails,  was  found  on  the  track.  The  local  archaeologists  feel 
assured  that  they  have  here  the  "  Pontes  Lougi  "  which  were  used 
A.  D.  15  by  the  Roman  commander  in  his  retreat  from  Germany  to 
Ems.  In  addition  to  the  600  miles  of  roads,  such  as  I  have  referred 
to  six  bridges  were  built  which  in  those  days  were  considered  impor- 
tant structures  ;  and  six  harbours,  with  lighthouses,  four  on  Lake  Erie 
and  two  on  Lake  Ontario,  including  the  Burlington  Bay  Canal.  The 
building  of  these  harbours  was  a  strong  incentive  to  the  movement  for 
obtaining  still  more  rapid  communication  to  these  points  for  shipment 
of  agricultural  products.  Railways  now  extend  to  all  of  them.  All 
these  roads  and  works  were  completed  about  the  year  1846.  These 
references  to  the  earlier  stages  of  work  for  facilitating  traffic,  and 
to  the  condition  of  the  country  when  in  course  of  development,  are 
given  with  the  view  of  supplying  some  historic  reminiscences,  for  the 
purposes  of  comparison  with  the  present  advanced  state  of  public 
works  as  well  as  those  of  private  enterprise,  accomplished  by  the  aid 
of  civil  engineers. 

After  1841  and  1842  there  was  a  rapid  development  throughout 
Canada  of  large  enterprises  undertaken  by  the  Government  and  private 
oro-auisations.  The  first  enlargement  of  the  Welland  Canal  to  9  feet  of 
water  on  the  mitre  sills  was  commenced  in  1842.  The  earliest  railway 
in  Canada,  the  Laprairie  and  St.  Johns,  was  built  in  1836.  The 
Montreal  and  Lachine  Railway  was  opened  and  worked  with  imported 
English  equipment  in  1847.  The  St.  Lawrence  and  Atlantic  Railway 
(now  the  Grand  Trunk),  of  which  I  was  chief  engineer,  was  opened  for 
traffic  to  St.  Hyacinthe  in  1849.  The  first  deepening  of  the  straight 
channel  in  Lake  St.  Peter,  upon  which  I  reported  with  Sir  William 
Lo°an  General  McNeil,  and  Captain  Child  of  the  U.  S.  Engineers,  was 
begun  in  1850.  The  Byetown  and  Prescott  Railway,  known  as  the 
St.  Lawrence  &  Ottawa,  now  part  of  the  Canadian  Pacific  Railway, 
was  commenced  in  1851,  and  in  the  same  year,  the  Northern  Railway 
from  Toronto  to  Owen  Sound,  as  was  also,  about  the  same  time,  the 
Great  Western  Railway  from  the  Niagara  River  to  Windsor  (now 
Grand  Trunk).     I  will  not  enter  into  further  details. 
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These  improved  means  of  communication,  not  only  within  the  boun- 
daries  of  the  Dominion,  now  extending  from  the  Atlantic  to  the  Pacific, 
but  with  the  neighboring  Republic,  have  had  a  marvellous  effect  in 
accelerating  the  material  progress  of  Canada  by  developing  her  natural 
resourc  s  in  soil,  forest,  and  mine,  by  stimulating  manufacturing  indus- 
tries, and  creating  those  commercial  enterprises  which  have  added  so 
greatly  to  the  stability  and  wealth  of  the  Dominion.     The  canals  of 
Canada,  as  a  system  of  internal  navigation,    have  not  their  equals  in 
the  world.     As  they  add  so  largely  to  the  carrying  conveniences  of  the 
country,  they  reflect  much  honour  on  the  engineering  skill  displayed  in 
their    construction.       The    St.   Lawrence    and    Niagara     Rivers    are 
spauuedby  bridges  that  demanded  engineering  skill  to  design  and  erect. 
Canada  has  now  in  operation  within  her  borders   no  less  than  13,410 
miles  of  railways,  representing  a  capital  of  $727,180,443.     In  this  vital 
necessity  of  rapid  locomotion,  the  Dominion  with  its  five  millions  of  people 
is  as  fully  and  favourably  equipped  as  the  States  with  sixty-five  millions. 
It  is  interesting  to  mention  that  in  a  book  published  a  few  months 
ago,  entitled  "  The  Railways  of  England,"  by  W.  M.  Acworth, — a  work 
evidently  popular,  for  I  quote  from  the  2nd  edition, — the  year  1843  is 
named  as  marking  the  period  of  stable  equilibrium  and  development  of 
railways  in  Great  Britain.     At  that  date  there  were  only  1829  miles  in 
operation,  nine-tenths  of  that  mileage  was  in  England.     The  capital 
authorized  at  that  date  was  about  £70,000,000,   about  300,000  pas- 
sengers were  carried  every  week,  and  the  total  weekly  receipts  from  all 
sources  were  somewhat  in  excess  of  £100,000.    To-day  there  are  nearly 
20,000  miles  of  railway  lines  in  Great  Britain,  seven-tenths  of  them  in 
England  and  Wales.     The  paid  up  capital  exceeds  £800,000,000,  and 
the  annual  receipts  are  greater  than  all  the  capital  in  1843.     The  num- 
ber of  passengers  has  increased  forty  fold. 

But  vast  as  has  been  the  development  of  Canada's  capacities  for  meet- 
ing the  needs  of  agricultural,  mineral  and  industrial  enterprises,  and 
for  providing  the  conveniences  of  ever  enlarging  commerce  and  of 
domestic  life,  the  future  will  see  even  great3r  strides  made  in  the  mate- 
rial progress  of  our  country.  The  works  that  have  signalized  the  past 
only  foreshadow  those  enlarged  opportunities  for  usefulness  and  distinc- 
tion which  the  future  will  open  up  to  the  civil  engineer. 

Permit  me  in  conclusion  to  say  a  few  words  about  our  Society.  The 
report  of  the  Council  shows  a  considerable  increase  in  our  numbers, 
This  no  doubt  is  highly  satisfactory,  from  my  own  point  of  view,  not 
only  because  of  this  increase,  but  as  a  proof  that  the  Society  is  doing 
work  that  is  appreciated  by  engineers,  and  that  the  work  is  good,  for  were 
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it  otherwise  they  would  not  have  joined  us.  During  the  year  of  my  office 
as  your  President,  I  have  to  regret  that  owing  to  my  residing  at  so  great 
a  distance  from  the  head-quarters  of  the  Society,  and  for  other  reasons 
beyond  my  control,  I  have  done  hut  little  towards  promoting  the  inter- 
ests of  the  Society.  This  failure  to  do  more  has  been  from  inability  and 
not  from  earnest  good-will  towards  or  interest  in  the  welfare  of  the 
Society.  Allow  me,  however,  to  say  that  any  effort  of  your  President 
alone  will  not  suffice  to  ensure  success.  He  is  powerless  unless  aided 
by  members.  Pardon  me  it  1  say  that  it  is  the  duty  of  each  one  of 
you  to  help.  Each  member  should  bring  before  the  Society  every  sub- 
ject of  interest  connected  with  our  profession  of  which  he  has  experience  in 
the  course  of  his  practice.  He  ought  to  attend  the  meet'ngs  for  the  read- 
ing and  discussion  of  papers  as  frequently  as  possible.  You  will  for- 
give me  for  these  words  of  personal  advice  to  every  member.  Although 
they  come  from  one  who  was  your  nominal  head  but  for  the  short  term 
of  twelve  months,  he  is  not  wanting  in  age  in  other  ways,  and  let  me 
assure  you  that  they  are  inspired  solely  by  a  desire  that  the  transac- 
tions and  papers  selected  by  the  Council  for  discussion  should  be  worthy 
of  the  Society.  They  are  the  proper  medium  by  which  the  Society's 
usefulness  is  to  be  maintained.  By  the  printing  and  distribution  of 
those  papers  our  work  becomes  known,  and  by  their  merits  new  mem- 
bers are  attracted.  Accept  the  assurance  that  I  will  do  all  in  my  power 
to  further  the  interests  of  the  Society,  and  I  shall  watch  its  progress 
with  anxious  desire  to  see  it  prosper. 

I  cannot  sit  down  without  making  an  allusion  to  the  death  of  my  pre- 
decessor in  the  Presidency  of  the  Society,  Mr.  Samuel  Keefer,  who  was 
my  warm  personal  friend,  and  the  earliest  professional  colleague  I  had 
in  Canada.  During  the  period  of  my  service  in  the  Department  of 
Public  Works  from  18-41  to  1846,  Mr.  Keefer  was  my  superior  officer. 
I  always  found  his  advice  sound  and  most  valuable.  He  was  devot- 
edly fond  of  his  profession  to  which  he  did  honour.  He  left  important 
engineering  works,  with  which  his  name  will  always  remain  associated. 
His  irreproachable  life  reacl.ed  almost  fourscore  years,  the  limit  allot- 
ted to  man,  leaving  a  good  example  to  be  followed  by  all  members  of  our 
profession. 


Thursday,  30th  January. 
JOHN  KENNEDY,  Vice-President,  in  the  Chair. 
Paper  No.  37. 

STAND-PIPES. 
By  R.  S.  Lea,  Stud.  Can.  Soc.  C.E. 

In  many  systems  of  water-supply  where  the  reservoir  and  the  pump- 
ing station  are  at  a  considerable  distance  apart,  a  stand  pipe  is  placed 
upon  the  force  mains,  to  equalize  the  resistance  against  the  pumps. 
The  stand  pipe,  when  used  for  this  purpose,  serves  as  a  partial  substi- 
tute for  relief  valves,  acting  in  combination  with  tall  and  capacious 
air  chambers.  It  is  the  office  of  the  stand  pipe  or  of  the  air  vessel  to 
take  up  the  excess  and  to  compensate  for  the  deficiency  of  delivery  by 
the  pump  pistons,  plungers,  or  buckets,  and  they  are  more  effective 
the  nearer  they  are  placed  to  the  pump  cylinders. 

The  forward  stroke  of  the  piston  of  the  single  acting  pump  forces 
the  water,  not  only  along  the  pipes,  but  also  into  the  lower  part  of  the 
air  vessel  or  into  the  stand-pipe,  compressing  the  contained  air  in  the 
one  case  and  raising  the  column  of  water  in  the  other.  The  energy 
stored  up  in  this  way  is  given  out,  during  the  backward  stroke  of  the 
piston,  to  the  advancing  water  in  the  main,  sustaining  its  motion  until 
the  next  forward  stroke.  The  air  vessel  on  the  force  main  is  prac- 
tically a  shorter  closed-top  stand-pipe  containing  an  imprisoned  body  of 
air  under  pressure,  instead  of  a  heavy  column  of  water ;  and  neither  of 
them  is  of  so  much  importance  where  a  double-acting  pump  is  em- 
ployed. 

Tall,  open-topped  stand-pipes  of  wrought  iron  or  steel  are  very 
generally  employed,  without  reservoirs,  in  the  construction  of  water- 
works in  the  Western  States,  where  the  level  character  of  the  ground 
makes  them  necessary.  They  are  also  very  often  built  in  locations 
where  the  necessity  for  their  use  is  not  so  evident.  In  such  cases  the 
choice  between  a  reservoir,  a  tank,  or  a  stand-pipe  is  often  one  which 
requires  careful  calculation,  combined  with  judgment  and  experience. 
An  earthen  reservoir  is  always  to  be  chosen  where  practicable,  on 
account  of  its  durable  and  permanent  character.     Where  the  site  is 
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just  a  little  too  low  to  enable  an  embankment  for  a  reservoir  to  be  con- 
structed, at  a  reasonable  cost,  a  mound  of  earth  is  made  artificially, 
and  upon  this  foundation  an  iron  tank  is  built,  which  maintains  the 
surface  of  the  water  at  the  required  elevation. 

But  in  flat  countries,  or  in  situations  where  the  nearest  elevation  is 
at  too  great  a  distance,  some  other  method  must  be  employed  to  get 
the  requisite  head.  This  may  be  done  either  by  building  a  steel  or 
iron  stand-pipe  high  enough  for  the  purpose,  or  by  constructing  an  iron 
tank  of  large  diameter  compared  with  the  stand-pipe,  and  supporting 
it  at  the  proper  elevation  by  a  well  braced  iron  tower.  One  advantage 
urged  in  favour  of  the  elevated  tank  method  is,  that  by  making  the  dia- 
meter say  75  per  cent,  greater  than  that  of  the  stand-pipe,  a  much  lar- 
ger quantity  of  water  at  a  high  pressure  is  always  in  readiness.  This 
is  of  importance  in  case  of  fire,  and  this  after  all  is  just  when 
pressure  is  most  needed.  The  delay  in  pumping  up,  when  the  level  of 
the  water  has  been  allowed  to  fall  considerably,  is  one  of  the  strongest 
arguments  against  stand-pipes.  However,  this  disadvantage  may  be 
obviated  by  the  use  of  a  device  for  automatically  disconnecting  the 
stand-pipe  from  the  distributing  main  in  cases  of  emergency,  several 
of  which  have  been  invented. 

There  are  many  rules  for  finding  the  thickness  of  the  plates  of  which 
the  shell  is  made. 

The  following  one,  which  is  sometimes  used  for  steam  boilers,  allows 
for  iivetted  joints,  and  assumes  a  net  strength  of  6000  lbs.  per  sq.  inch, 
and  reads  : — 

"  Multiply  the  diameter  in  feet  by  the  pressure  in  lbs.,  divide  the 
product  by  1000,  and  the  quotient  will  be  the  thickness  in  decimals  of 
an  inch. "  This  not  very  explicit  rule,  however  reliable  it  may  be 
in  the  case  of  boilers,  does  7iot  work  very  well  in  the  case  of  stand  pipes 
and  tanks,  with  their  extreme  range  of  pressures  and  proportions.  For 
example,  the  stand-pipe  in  Sandusky,  Ohio,  is  25  feet  in  diameter  and 
208  feet  high  ;  this  rule  would  make  its  lower  sheets  2J  inches  thick, 
while  in  reality  it  has  stood  for  years  with  a  thickness  of  f  of  an  inch. 
And  again,  in  the  case  of  a  stand  pipe  5  feet  in  diameter,  the  sheets 
near  the  top,  when  the  pressure  is  only  1  lb.,  would  be  -A.  of  an  inch 
thick,  i.e.,  thinner  than  the  thinnest  tin  plate. 

The  following  formula,  in  which  a  constant  is  introduced,  is  simple 
and  seems  fairly  reliable  : 

h_^i  +  .2  =  t 
10000 

in  which  h  =  head  of  water  in  feet,  d  =  diameter  of  pipe  in  feet,  and 
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t  ==  thickness  of  iron  in  decimals  of  an  inch.  The  thickness  may  de- 
crease in  half  a  dozen  or  more  changes  until  the  top  is  reached,  and 
each  successive  change  can  be  calculated  by  the  same  formula,  using 
the  distance  of  the  lowest  part  from  the  top  of  the  pipe.  The  thickness 
of  the  bottom  may  be  made  the  same  as  that  of  the  sides  half  way  up, 
unless  it  is  to  be  laid  on  some  kind  of  a  foundation  requiring  special 
strength,  as  when  supported  by  beams  like  the  floor  of  a  house. 

Whatever  formula  is  used,  the  greatest  load  which  comes  upon  the 
lower  rings  in  a  stand-pipe  is  the  pressure  due  to  the  column  of  water 
when  the  stand-pipe  is  full ;  and  if  they  are  proportioned  to  meet  this, 
they  will  be  quite  able  to  bear  all  other  strains.  But  the  upper  rings, 
while  of  a  sufficient  thickness  for  the  hydrostatic  load,  may  be  so  light 
as  to  collapse  under  moderate  wind  pressure,  should  the  water  be  below 
the  ring,  and  an  extra  thickness  must  be  provided  to  meet  this  condition. 

The  ordinary  size  of  sheet  used  is  5'  x  12'.  The  vertical  joints 
should  be  double-rivetted  for  at  least  two-thirds  of  the  height,  while 
the  horizontal  ones  need  only  be  single-rivetted,  the  strains  in  them 
being  far  less  than  those  in  the  vertical. 

The  bottom  is  usually  connected  to  the  shell  by  an  angle  iron.  The 
top  of  the  pipe  may  be  trimmed  on  the  outside  with  a  flat  iron  band  or 
hoop ;  but  trimming  on  the  inside  is  apt  to  interfere  with  ice  floating 
in  the  stand  pipe  in  winter. 

The  anchor  bolts  and  foundation  should  be  proportioned  in  accor- 
dance with  the  assumed  wind  pressure.  It  is  the  practice  of  a  writer 
in  the  Engineering  News  to  use  If  inch  bolt  for  each  16  feet  of  height, 
with  masonry  foundation  8  feet  deep  and  stepped  out  3^  feet  on  each  side 
beyond  the  stand  pipe,  each  bolt  passing  through  a  strap  lug  attached 
to  the  lower  part  of  the  pipe  by  six  or  eight  rivets.  For  example,  if  the 
pipe  is  160  feet  high  by  10  feet  in  diameter,  the  use  of  10  bolts  going 
through  a  foundation  17  feet  in  diameter  is  a  good  approximation 
This  arrangement  of  base  gives  great  stability  to  resist  wind  pressure. 

The  best  form  for  a  stand  pipe  is  the  cylinder,  because  a  tapering 
one  costs  more  for  the  same  cubic  capacity,  has  less  storage  capacity 
at  the  top  where  it  is  most  required,  weighs  more  for  equal  strength,  and 
its  shape  prevents  the  ice,  which  forms  in  cold  weather,  from  moving 
up  and  down  with  the  variations  in  height  of  the  water,  which  causes 
severe  strains  in  the  material  of  the  plates.  It  has  been  found  that 
the  proportions  of  the  lightest  tank  to  hold  a  certain  quantity  of  water 
are  two  in  diameter  to  one  in  depth. 

In  calculating  the  contents  in  U.  S.  gallons,  the  following  rule  is 
convenient ;  also  if  the  quantity  measured  in  this  way  is  assumed  to 
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vary  in  temperature  10°,  it  will  cover  all  discrepancy  in  volume  from 
the  results  of  the  most  elaborate  calculation  : — 

Let  h  =   height   of  tank  in  feet. 


Then 
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The  following  description  of  a  stand-pipa  lately  completed  at  Mai- 
den, Mass.,  will  give  some  idea  of  the  details  of  construction  : — 

Maiden  is  one  of  the  many  suburban  towns  of  Boston,  Mass.,  and  has 
a  population  of  about  20,000.  Its  original  situation  was  in  a  valley 
around  the  base  and  in  the  vicinity  of  an  elevation  known  as  Wales 
Mountain ;  but  within  the  last  few  years  it  has  been  extending  up  the 
slopes  of  the  hill,  in  consequence  of  which  this  newer  portion  of  the  town 
was  left  without  sufficient  water  pressure  in  time  of  fire.  The  water 
supply  until  the  present  year  was  taken  by  gravity  from  a  pond  3  miles 
distant,  and  was  fairly  sufficient  for  most  purposes,  while  the  area 
covered  by  the  town  was  confined  to  the  valley.  But  the  demands  of 
the  elevated  portion  of  the  city  for  increased  pressure  made  some  form 
of  high  service  necessary,  and  it  was  therefore  decided  in  this  connec- 
tion to  construct  a  reservoir  or  stand  pipe  on  the  top  of  Wales  Mountain. 
This  was  evidently  the  best  location  for  the  storage  reservoir,  being 
situated  almost  in  the  centre  of  the  town  and  of  sufficient  height  to  give 
the  requisite  pressure. 

The  ordinary  "  core  wall  and  earth  embankment  "  reservoir  was  out 
of  the  question,  owing  to  the  character  of  the  hill,  which  was  composed 
almost  entirely  of  an  igneous  granite  rock,  the  greater  part  of  which  was 
exposed. 

It  was  therefore  decided  to  construct  a  stand  pipe  or  tank  of  wrought 
iron,  with  a  capacity  of  about  1,000,000  gallons,  the  latter  name  being 
in  this  case  more  appropriate  on  account  of  the  dimensions,  viz.,  75  feet 
in  diameter  and  35  feet  high. 

The  foundation  for  the  stand-pipe  was  constructed  on  a  solid  ledge 
which  forms  the  summit  of  the  hill.  Fig.  1,  Plate  IV.,  shews  a  cross 
section  through  this  ledge  with  the  foundation  finished,  the  original 
line  of  the  surface  being  represented  by  the  dotted  line. 
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The  exact  site  having  heen  chosen,  it  was  next  laid  out,  in  squares 
and  cross  sectioned,  and  then  a  certain  elevation  was  determined  upon — 
200  feet  above  city  datum — as  that  of  the  bottom  of  the  stand-pipe  when 
finished,  which  was  such  that  it  left  part  of  the  summit  above  grade 
and  part  below.  That  portion  of  the  rock  which  was  too  high  was 
removed  by  blasting,  while  the  remainder  was  brought  up  to  grade  by 
first  cutting  steps  in  the  sloping  sides  of  the  rock  to  get  a  firm  footing, 
and  then  building  it  up  with  masonry  laid  in  cement  mortar. 

There  was  also  considerable  blasting  required  in  forming  the  pipe 
chamber  through  which  the  supply  main  passes  into  the  tank. 

This  pipe  chamber  is  situated  as  shown  in  Fig.  1.  and  is  10  feet  long, 
5  feet  wide  and  6  feet  deep.  It  is  roofed  over  with  a  12  inch  brick 
arch  through  which  at  the  inner  end  there  is  a  circular  opening  2J  ft. 
in  diameter,  to  allow  the  supply  main  to  enter  the  stand-pipe.  Across 
this  hole  at  each  side  of  the  main  are  placed  two  5  inch  I  beams  to 
support  the  bottom  of  the  tank.  The  portion  of  the  chamber  outside 
of  the  foundation  is  covered  with  a  large  piece  of  North  River  flagging 
5  inches  thick,  with  a  manhole  2  feet  in  diameter  cut  in  the  centre  and 
fitted  with  an  iron  cover.  When  the  base  had  been  brought  to  an  even 
grade,  a  granite  underpinning  12  inches  wide  and  16  inches  high  was 
laid  around  the  outside.  This  underpinning,  which  has  a  3-inch  wash- 
cut,  secures  the  foundation  from  the  effects  of  the  frost  and  also  gives 
it  a  finished  appearance. 

The  foundation  having  now  been  completed,  the  next  step  was  the 
erection,  directly  over  and  upon  it,  of  false  works  three  feet  high,  upon 
which  to  put  together  the  bottom  of  the  tank.  This  bottom  is  built  of 
plates  10  feet  long.  6  feet  wide  andf  of  an  inch  thick,  rivetted  together 
by  a  single  row  of  f  inch  rivets  spaced  3|-  inches  apart  centre  to  cen- 
tre. The  plates  around  the  outside  were  made  of  a  softer  metal  than 
the  others,  to  allow  of  the  formation  of  a  5-inch  flange  around  the 
entire  circumference.  To  the  flange  the  first  row  of  side  plates  was 
rivetted. 

The  bottom  of  the  tank  was  put  together  and  the  first  row  of 
side  plates  attached  on  the  false  works  above  referred  to,  so  that  the 
next  process  was  to  lower  it  into  its  position  on  the  foundation. 

The  specifications  required  that  there  should  be  a  four-inch  layer  of 
Portland  cement  mortar  (one  of  fresh  ground  cement  to  two  of  clean 
sharp  sand)  over  the  whole  foundation,  in  order  to  give  the  bottom  a 
perfectly  uniform  bed  to  rest  on.  These  constituents,  after  being 
well  mixed,  were  put  in  dry,  the  moisture  from  the  foundation,  bottom, 
etc..  beina;  considered  sufficient  to  set  it. 
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The  bottom  was  lowered  by  means  of  jacks  beginning  at  the  centre  and 
working  outwards.  As  fast  as  the  false  works  were  removed  the  cement 
was  drawn  in  in  bags  and  spread  in  place.  When  the  false  works  had 
all  been  taken  away,  the  outside  edge  of  the  tank  was  lowered  on 
to  a  number  of  6  "  x  8"  spruce  blocks  about  a  foot  long,  placed  at 
intervals  of  10  or  12  feet.  The  jacks  were  then  removed,  leaving  the 
tank  resting  on  these  blocks,  the  bottom  being  already  down, 
having  sagged  a  foot.  After  seeing  that  everything  was  clear,  the 
blocks  were  broken  to  piec<  s  by  sledge  hammers,  letting  the  bottom 
perfectly  true  with  the  foundation  in  every  way. 

The  process  of  construction  was  now  continued,  the  plates  for  each 
course  being  hoisted  into  place  and  fastened  with  temporary  bolts  until 
the  rivet  holes  were  all  in  line,  the  use  of  a  drift  pin  not  being  allowed. 
The  first  or  lowest  course  is  connected  with  the  flange  (the  flange  being 
inside)  by  a  triple  row  of  L  inch  rivets  spaced  2^  inches  apart  centre 
to  centre,  the  rivets  in  the  several  rows  occurring  alternately.  The 
first  two  courses  are  made  up  of  plates  6  x  10  feet  and  f  of  an  inch  thick, 
the  vertical  seams  being  triple  rivetted  and  the  horizontal  ones  double 
rivetted.  The  triple  rivetted  laps  are  5  inches  wide  and  the  double 
rivetted  3£  inches. 

The  plates  of  the  next  two  courses  are  of  the  same  dimensions  as  those 
mentioned,  except  that  they  are  ^  inch  thick,  and  all  the  seams  are 
double  rivetted.  The  two  top  courses  are  composed  of  plates  5^  '  *  10' 
and  4  of  an  inch  thick,  and  all  the  seams  are  single  rivetted  with  a 
lap  of  2f  inches.  All  the  seams  were  carefully  caulked  by  hammering 
or  welding  the  edge  of  the  plate  (planed  at  an  angle  lor  the  purpose) 
into  the  one  over  which  it  is  lapped.  In  one  of  the  lower  side  plates 
there  is  an  oval-shaped  manhole — 24"  x  18" — fitted  with  an  iron  cover 
on  the  inside  and  proper  bolts  and  yokes  on  the  outside.  By  means 
of  nuts  bearing  upon  these  yokes,  the  cover  is  firmly  drawn  up  against 
a  rubber  seat,  making  it  tight  and  secure. 

Twenty-eight  feet  from  the  bottom,  the  stand-pipe  is  encircled  by  a 
balcony.  It  is  made  up  of  2  A"  x  2j"  x  _L"  angle  iron  with  a  floor  of  hard 
pine,  cut  rightways  and  well  oiled,  laid  radially  with  the  tank,  and  fas- 
tened with  ^  inch  carriage  bolts.  The  whole  is  supported  on  brackets, 
made  of  3"  x  3"  x  %"  angle  iron  rivetted  to  the  sides  of  the  tank. 
The  balcony  is  reached  by  means  of  a  staircase  built  of  angle-iron 
with  cast-iron  steps,  which  is  supported  on  angle-iron  brackets  bolted 
to  the  sides  of  the  tank. 

The  sland-pipe  is  covered  by  a  slate  roof  with  twelve  sides,  support- 
ed by  12  iron  trusses  of  the  form  and  dimensions  shown  in  Fig.  2. 
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Between  the  trusses  the  roof  is  supported  by  five  rafters  of  channel 
and  angle  iron,  and  across  these,  10^  inch  centre  to  centre,  are  placed 
the  purlins,  which  are  made  of  1"  x  1|",  6  lb.  per  yard  T  iron. 
The  roof  is  covered  with  the  best  of  Eastern  slate  which  is  fastened 
to  the  purlins  by  "  Farquhar's  Patent  Clasp" — a  very  neat  and 
effective  arrangement  for  the  purpose ;  it  consists  of  nothing  more 
than  a  small  bolt  and  a  piece  of  wire  bent  into  a  particular  shape.  (See 
Fifr.  3.) 

The  roof  was  designed  and  built  by  the  Boston  Bridge  Company,  and 
put  in  place  by  them,  for  the  total  sum  of  $51)00.  The  specification 
required  the  roof  to  be  able  to  sustain  the  following  vertical  loads.  On 
the  purlins  45  lbs.  per  sloping  square  foot  of  roof  surface  ;  on  the  rafter 
50  lbs.  per  sq.  ft.,  etc.;  on  the  trusses  55  lbs.  These  loads  n>t  to 
strain  the  iron  in  tension  more  than  12,000  lbs.  per  sq.  in.,  nor  in 
compression  more  than  10,000  lbs.  per  sq.  inch.  The  iron  used  was 
the  best  American  bridge  iron.  The  trusses  are  all  tied  together  in 
the  centre  by  1  inch  iron   rods. 

The  roof  is  surmounted  by  a  galvanized  iron  ventilator  or  cupola  of 
a  neat  and  ornamental  design. 

When  all  the  iron  work  had  been  completsd,  the  inside  of  the  stand- 
pipe  was  given  three  coats  of  black  asphalt  varnish,  while  the  outside 
was  painted  with  the  same  number  of  c>ats  of  white  lead  and  linseed 
oil.  The  pipe  has  a  capacity  of  1,180,000  gallons,  and  the  elevatioA-tvf 
the  water  when  full  is  235  feet  above  city  datum.  It  was  pumped 
full  about  the  1st  of  August  last,  and  proved  perfectly  tight,  there 
being  no  sign  of  any  leakage  beyond  a  slight  exudation  or  "  sweating  " 
for  a  short  time. 

The  cost  of  the  foundation  was  $1500,  of  the  roof  $5000,  and  of  the 
stair  $500.  The  stand-pipe  itself  was  built,  by  the  Cunningham  Irou 
Works  of  Charlestown,  Mass. 

The  total  cost  of  the  structure  when  completed,  including  that  of  the 
foundation,  was  $22,440.  It  was  built  under  the  direction  and  accord- 
ing to  the  specifications  of  M.  M.  Tidd,  C.E.,  of  Boston,  Mass. 

From  the  drawings  accompanying  this  paper  Plate  IV.  has  been 
prepared. 


Thursday,  13th  February. 
JOHN  KENNEDY,  Vice-President,  in  the  Chair. 
Paper  No.  38. 

THE  SCREENING  OF  SOFT  COAL. 
Br  J.  S.  McLennan,  B.A.,  A.  Can.  Soc.  U.E. 

Coal  comes  from  the  pit  to  the  surface  as  the  miner  has  broken  it 
down.  He  loads  into  the  tubs  the  lumps  and  fine  coal  made  by  his 
pick  in  holing  or  undermining  his  shot,  or  in  breaking  up  the  large  mass 
which  is  tumbled  over  as  its  result.  In  mines  where  a  layer  of  stone 
adheres  to  the  top  of  the  seam,  he  is  bound  under  a  penalty  to  clear  this 
off.  But  with  other  foreign  matters  found  in  the  coal  he  has  no  concern. 
Roughly  speaking,  few  seams  are  absolutely  free  from  such  impurities, 
and,  to  bring  the  coal  to  its  best  merchantable  condition,  these  must  be 
removed  as  far  as  possible.  When  this  has  been  done  the  coal  is  "  run 
of  mine  "  in  the  commercial  sense.  Round  coal  is  that  which  passes  over 
a  screen,  the  bars  of  which  hive  between  them  apertures  of  ^  to  f-  of  an 
inch.  Slack  is  the  coal  which  falls  through  these  apertures,  and  it  is 
often  passed  through  a  secondary  screen  and  divided  into  nut  and  duff. 

The  desiderata  in  screening  are  therefore:  — 

I.  Effective  separation  of  sizes;'  so  that  slack  may  not  be  carried 
among  the  lumps  into  the  round  coal,  or  so  that,  in  avoiding  this  by 
wide  openings  between  the  bars,  too  large  coal  may  not  pass  into  the  slack, 
a  consideration  of  some  importance  in  shipping  slack  to  the  United 
States,  where  an  excessive  size  would  render  the  cargo  liable  to  a 
higher  rate  of  duty. 

II.  An  opportunity  for  the  removal  of  mechanical  impurities  as  stone 
or  pyrites,  which  occur  in  some  mines  as  "  balls,"  or  elsewhere  in  lamina- 
tions so  thickly  grouped,  as  to  be  easily  visible. 

III.  The  minimum  of  breakage  in  the  transit,  from  the  pit  tub  to  the 
railway  car,  the  vertical  distance  between  the  levels  of  which  is  from  15  to 
25  feet. 

The  ordinary  method  of  screening  is  by  a  fixed  screen  about  20 
feet  long  and  6  feet  wide,  inclined  at  an  angle  of  about  25°.  The  effec- 
tive screening  surface  is  reduced  in  many  cases,  by  the  use  of  cast-iron 
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bar3  about  f  inch  thick.  The  tub  is  commonly  provided  with  an  end 
door,  aud,  when  run  on  a  tumbling  cage,  it  is  tipped  into  contact  with 
the  upper  end  of  the  screen.  The  door  is  opened  automatically  or  by  the 
attendant,  and  the  coal  slides  down  the  screen.  As  there  are  no  means  of 
regulating  its  speed,  it  very  imperfectly  fulfils  all  the  conditions  of 
screening  coal,  except  rapidity,  as  it  is  obvious  that  coal  can  be  sent  down 
it  as  rapidly  as  tubs  can  be  tipped  ;  but  it  is  not  separated  effectively,  no 
opportunity  for  picking  is  given,  and  the  breakage  of  the  lump  coal  and 
also  of  railway  cars  is  excessive. 

The  method  of  screening  adopted  by  Mr.  Poole,  at  the  Acadia  Colliery 
in  Pictou  county,  is  effective  and  economical.  He  describes  it  as 
follows: — 

Coal  is  drawn  from  the  mine  up  an  incline  of  24°  to  28°  in  boxes 
holding  a  ton  each.  The  boxes  have  end  doors,  and  are  run  forward  on 
the  bank  head,  28  feet  above  the  main  railway,  to  a  rocker.  The  loaded 
box  tilts  up,  the  door  is  released,  and  the  coal  slides  out  on  to  a  dead 
plate  at  the  head  of  the  screens. 

The  dead  plate,  3  ft.  wide,  dips  at  an  angle  of  40°.  From  its 
ower  edge  proceed  two  sets  of  bars  which  we  may  call  A  and  B.  A  is 
5  ft.  long,  and  is  made  of  2  in.  bars  placed  6  in.  apart.  It  inclines  at 
an  angle  of  12°.  To  the  far  end  is  hinged  an  apron  12  ft.  long, 
ordinarily  lying  at  the  same  inclination.  The  free  end  of  the  apron  is 
sustained  by  a  counter  weight.  When  the  weight  is  down  and  the 
apron  up,  the  passage  over  its  upper  surface  is  closed  by  a  fixed  stop 
suspended  from  above,  at  a  point  two- thirds  of  the  distance  from  the 
near  end. 

The  "  B  "  set  of  screen  bars  are  12  ft.  long,  1  in.  sq.  iron  and  f  in. 
apart ;  they  start  from  the  dead  plate  under  the  heavy  bars  at  an  inclina- 
tion of  45°,  being  continued  at  a  lessening  inclination  until  an  angle  of 
21°  is  reached,  at  which  inclination  the  screen  then  remains.  A  hopper 
under  these  bars  collects  the  "  slack  "  coal  that  has  fallen  through,  at 
the  lower  end  of  this  screen  ;  a  short  fixed  screen  2  ft.  6  in.  long  with  1\ 
in.  openings  separates  out  the  "  stove  "  size.  Thence  onward  the  screen 
is  lined  with  perforated  plates,  and  terminates  in  a  counterbalanced 
apron  4  ft.  wide,  which,  as  required,  checks  the  flow  of  coal  over  the 
screen  and  enables  stony  coal,  etc.,  to  be  seen  and  removed  ;  or  entirely 
Stops  the  flow,  and  allows  coal  to  accumulate  while  cars  below  are  being 
shifted. 

The  object  of  the  coarse  screen  A  is  to  separate  out  "  furnace  "  coal, 
and  the  separation  of  very  large  lumps  from  the  run  of  mine  enables 
a  more  thorough  screening  of  the  remainder  to  be  effected.     The  fur- 
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nace  coal  slides  forward  on  the  apron  and  collects  against  the  fixe 
stop.  When  the  apron  is  full,  the  screenman  lifts  a  brake  from  the 
counterbalance,  the  apron  then  descends  until  the  point  rests  on  the 
regular  screen  ;  and  while  it  is  descending,  the  coal  upon  it  is  slowly  sliding 
forward,  and  thence  passes  quietly  on  without  a  drop  into  the  car 
below. 

The  slack  collected  in  the  hopper  under  the  screen  drops  into  a  well, 
from  which  it  is  elevated  to  the  level  of  the  bank  head,  and  dropped  into 
a  revolving  screen  12  ft.  long  by  4  ft.  diameter,  covered  with  wire  cloth 
of  f  in.  mesh.     This  screen  separates  the  slack  into  <:  nut  "  and  "  culm." 

The  above  will  make  clear  the  arrangement  at  Westville  ;  at  the  other 
pits  the  ordinary  screen  is  in  use. 

The  arrangements  at  "  Acadia,"  which  are  thoroughly  effective,  require 
a  high  bank  head  to  give  space  for  the  screens,  and  thus  were  not  avail- 
able as  models,  when  the  writer  decided  to  change  the  screens  he 
found  in  place  at  the  International  mines.  Notwithstanding  Mr.  Poole's 
kind  assistance,  some  other  device  had  to  be  used,  which  could  be  placed 
in  a  bank  head  only  21  feet  high.  No  other  screens  are  in  use  in  Nova 
Scotia,  and  the  apparatus  known  as  Riggs  Patent  Curved  Balance 
Screen  was  imp  >rted  from  England.  It  is  shown  in  Plate  V,  Figs.  1 
and  2,  and  consists  in  the  tipping  cage  shown  in  Fig.  2,  in  the  position 
in  which  the  loaded  tub  is  pushed  into  it.  The  tub  is  retaiued  in 
position  by  angle  irons,  which  project  beyond  and  slightly  above  its 
edges.  The  lever  shown  in  the  sketch  which  operates  the  hand  brake 
is  partially  released,  and  the  whole  cage  turns  over  slowly  until  it 
reaches  the  position  shown  in  Fig.  1  ;  the  coal  slides  out  of  the  tub  on  the 
screen,  and  by  gravity  the  cage  assumes  its  former  position.  The  tubs 
are  "  solid,"  that  is  without  end  doors,  and  thus  save  a  good  deal  in 
repairs,  the  doors  being  the  parts  most  liable  to  get  out  of  order. 

The  screen  is  6  ft.  wide  and  1 1  ft.  long  from  the  top  to  the  journal  shaft 
which  supports  it,  and  thence  to  the  mouth  13  ft.  in  length.  To  the 
journal  shaft  is  keyed  a  large  brake  wheel,  the  band  brake  on  which  is 
controlled  by  a  bell  crank  lever  indicated  in  both  sketches.  The  angle 
of  inclination  of  the  upper  part  is  25°,  and  of  the  lower  8°.  The 
momentum  of  the  coal  from  the  tub  carries  it  forward  to  the  lower 
part  of  the  screen,  where  it  lies  until  it  is  insp3Cted,  and,  if  necessary, 
cleaned  ;  then,  on  the  release  of  the  brake,  its  weight  causes  the  screen 
to  tilt  downwards  to  the  position  shown  in  Fig.  2,  until  the  coal  slides 
gently  into  the  car.  When  the  weight  is  removed  the  screen  returns  to 
its  former  position. 

It  will  be  seen  that,   in  giving  a  chance  for  cleaning  the  coal  and 
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saving  of  breakage,  it  is  perfect,  and  very  good  for  separation  of  sizes. 
It  is,  however,  slow,  and  by  requiring  more  screens  is  thus  more  expen- 
sive for  a  given  output  than  the  old  type.  Its  first  cost  is  high,  and, 
consequently,  a  modification,  suggested  by  Mr.  John  Johnston,  the 
underground  manager,  has  been  adopted.  This  is  shown  in  Figs.  3 
and  4.  The  screen  is  the  same  length,  but  is  7  ft.  b'  in.  wide.  The 
upper  part  is  fixed  at  an  an<;le  of  28°. 

The  lower  part  rests  on  a  journal  at  X,  and  is  supported  by  a 
counter- weight  W,  controlled  by  a  brake  B  around  which  the  connect- 
ing wire  rope  passes.  The  Bigg's  cage  is  used  with  this  screen.  When 
the  coal  is  ready  to  be  deposited  in  the  cage,  the  brake  is  released,  and 
the  point  of  the  screen  descends  as  in  Fig.  4.  When  the  coal  is  off, 
the  counter- weight  brings  the  screen  back  into  the  position  in  Fig. 
3.  In  Figs.  1  and  2  is  shown  the  box  in  which  slack  is  caught  and 
deposited  in  a  car.  In  the  other  is  indicated  at  E  an  endless  chain 
conveyor,  which  carries  it  to  an  elevator  to  the  subsidiary  screen  on 
the  bank  head,  where  the  nut  coal  is  taken  out. 

While  this  system  is  more  costly  than  the  normal  type,  its  efficiency 
more  than  compensates  for  the  cost  in  giving  a  cleaner  and  larger  coal 
than  was  formerly  obtained. 

The  Old  Sydney  and  Victoria  Mines  employ  an  apparatus  known  as 
the  Billy  Fairplay  which  Mr.  Brown,  the  manager,  has  kindly  des- 
cribed for  this  paper.     He  says  :  — 

The  "  Billy  Fairplay  "  system  is  in  use  at  the  Sydney  mines  of  the 
General  Mining  Association,  Limited. 

By  this  method  the  coal  is  not  riddled  in  the  pit  by  the  colliers,  but 
is  filled  by  them  just  as  it  is  cut,  into  the  tubs  or  boxes,  the  large  and 
small  or  slack  coal  all  together.  On  arrival  at  the  surface,  the  tub  of 
coal  i>  weighed,  and  the  gross  weight  of  the  coal  it  contains  is  recorded. 
It  is  then  dumped  into  the  screens  ;  the  screened  large  coal  passes  over 
the  bars  of  the  screen  into  the  cars,  and  the  slack  coal  passes  through 
the  spaces  between  the  bars  of  the  screen  into  a  hopper. 

From  this  hopper  the  slack  coal  falls  into  a  tray  which  hangs  sus- 
pended on  pivots  from  an  indicating  dial  overhead.  When  all  the  slack 
from  a  tub  of  coal  has  thus  gone  into  the  tray,  its  weight  is  ascertained 
by  the  dial,  and  the  tray  is  then  capsized  by  a  string  pulled  by  a  small 
boy  stationed  at  the  screen  for  the  purpose,  and  the  empty  tray  resumes 
its  original  position  ready  for  the  next  tub  of  coal. 

The  gross  weight  of  the  coal  that  was  in  the  tub  is  placed  to  the 
credit  of  the  collier  who  sent  it  up,  and  the  weight  of  slack  that  has 
been  screened  from  that  tub  is  placed  to  his  debit ;  he  is  paid  a  certain 
price  per  ton,  only  on  the  difference,  that  is,  the  screened  large  coal. 
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The  advantages  of  this  system  are,  that  the  colliers  are  saved  the 
labour  of  riddling  their  coal  by  hand,  and  that  it  discriminates  in  favour 
of  the  skilful  workman,  who  hews  his  coal  with  a  view  to  make  as  little 
slack  as  possible,  and  gives  him,  as  he  deserves,  better  pay  than  the 
careless  miner,  who  breaks  up  an  undue  proportion  of  the  coal  which  he 
produces. 

The  slack  coal  is  emptied  by  the  capsized  tray  into  a  small  tub. 
This  tub,  when  full,  is  drawn  up  a  steep  incline  by  means  of  a  small 
engine   and  wire  rope,  and  when  arriving  at  the  top  it  automatically 
empties  itself. 

The  slack  coal  from  the  tub  falls  upon  an  oscillating  screen  composed 
of  wire  netting  of  half  inch  square  mesb,  which  separates  it  into  nut  and 
duff,  each  of  wliich  passes  through  a  shute  into  a  car  of  its  own  on  the 
railroad  below.  If  slack  coal  is  at  any  time  desired  in  the  cars  instead 
of  nut  and  duff,  then  the  wire  netting  screen  is  not  used. 

The  Billy  Fairplay  system  is  largely  used  in  Wales  and  in  the  north 
of  England. 

It  may  be  noted  that,  while  the  "  Billy  Fairplay  "  is  a  very  valu- 
able incentive  to  the  miner  to  reduce  the  slack  to  a  minimum,  the  prac- 
tice of  riddling  coal  in   the  pit  to  which  Mr.  Brown  refers  has  been 
abandoned  by  all   but  one  or  two  mines  in   Cape  Breton  and  Nova 
Scotia.     The  English  practice  is  very  elaborate  at  the  best  collieries. 
Screens   having  bars  with  reciprocal  motion  carrying  the  coal  along, 
circular  screens  revolving  horizontally,  so  that  different  bands  of  coal 
can  be  sorted  into  different  cars,  are  in  use,  all  of  them  elaborately 
explained  in  Percy's  Mechanical   Engineering  of  Collieries.     In  the 
Pittsburg  region,  the  screening  appliances  are  good.  In  many  cases  a  very 
high  bank  head  allows  enough  assorting  of  the  different  sizes  through 
a  succession  of  screens  into  different  cars;  but  while  it  may  not  be  true 
of  other  departments  of  the  industry,  the  best  practice  in  screening  in 
this  province  is  abreast  of  the  times. 

From   the  drawings   accompanying   this   paper  Plate  V  has  been 
prepared. 


DISCUSSION. 

Mr.  McLennan  said  that  only  the  two  mines  mentioned  of  the  Mr. McLennan. 
General  Mining  Association   paid   the   miuers  for  large  coal;    at  all 
the  other  mines  the  colliers  were  paid  per  ton  of  run  of  mine,  and  the 
coal  was  screened  as  the  company  chose. 

Mr.  H.  Wallis  said  that  he  had  listened  to  Mr.  McLennan'sMr.  Wants. 
paper  with  much  interest.  The  process  of  screening  described  was 
one  which  would,  no  doubt,  turn  out  coal  in  excellent  condition.  At 
the  same  time  he  was  not  greatly  impressed,  having  regard  to  the 
commercial  value  of  coal  at  long  distances  from  the  mines,  with  the 
necessity  of  screening  it  at  all.  The  Grand  Trunk  Railway  Company 
used  run  of  mine  coal  only,  after  an  extended  experience  with  the 
various  grades  of  lump  and  nut,  the  reason  being  that  the  expendi- 
ture for  screening,  some  20  cts.,  added  to  the  cost  per  ton,  did  not 
ensure  the  delivery  of  the  coal,  after  much  handling  and  long  haul- 
age, in  the  condition  expected.  The  company  paid  for  lump  coal 
and  received  apparently  the  run  of  the  mines,  the  grade  having  been 
lowered  in  the  manner  named,  but  the  difference  was  not  so  apparent 
under  the  present  system  of  purchasing.  He  would,  however,  pre- 
fer the  lump  coal  if  it  could  be  delivered  as  contracted  for.  There 
was  a  difference  of  8  or  10  per  cent,  in  its  favor,  varying  as  a  rule  in 
accordance  with  the  hardness  of  the  coal.  He  was  aware  that  it 
ought  to  be  cheaper  to  the  consumer  to  use  long  distance  coal  as 
lump  rather  than  of  a  lower  grade,  and  so  it  would  but  for  the  objec- 
tions mentioned.  It  was  true  that  recent  improvement  in  locomotive 
practice,  including  what  are  known  as  extended  smoke  boxes,  together 
with  largely  increased  grate  surface  and  the  introduction  of  the 
compound  principle,  had  rendered  possible  a  steady  if  softer  exhaust, 
and  therefore  reduced  the  tearing  action  on  the  fire  to  an  extent 
which  had  in  some  cases  permitted  of  good  results  having  been  ob- 
tained from  slack.  He  desired  to  ask  what  percentage  of  culm  and 
slack  was  left  over  after  screening. 

Mr.   Dodwell  enquired  whether  the  damage  which  the  coal  sus-  Mr.  Dodweii. 
tained  in  transit  was  due  entirely  to  handling  or  in  part  to  disinte- 
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gration,  and  also  whether  the  author  had  had  any  experience  with 
lime  cartridges  and  did  he  coke  the  slack.  In  1870  or  1871  he 
spent  a  month  or  two  at  the  Albion  Mines,  and  the  slack  coal  wa3 
then  looked  upon  as  a  nuisance.  The  loading  ground  was  ballasted 
with  it,  and  it  struck  him  as  being  singular  that  it  should  be 
considered  valueless  when  it  might  have  been  used  for  coking  or 
making  briquettes. 

Mr.  St.  George.  Mr.  St.  George  said  he  thought  a  screen  necessary  as  an  incentive 
to  good  mining.  He  considered  clean  coal  necessary  to  good  steam- 
ing in  stationary  boilers,  particularly  with  forced  draught,  and  the 
experience  of  engineers  on  the  ocean  steamers  was  that  their  speed 
had  been  increased  by  the  cleaner  condition  of  the  coal.  He  was 
aware  that  in  Virginia,  especially  West  Virginia,  in  the  Alleghany 
Range,  they  coked  all  the  coal  now.  He  would  like  to  know  how  it 
would  answer  to  ship  coal  to  a  large  market  and  screen  it  there.  In 
Belgium  the  practice  was  to  cover  the  slack  coal  with  earth  and  to 
plant  it  with  trees. 

Mr.  Wankiyn.  Mr.  F.  L.  Wanklyn  enquired  what  experience  the  author  had  in 
the  use  of  powder,  also  had  he  used  hydraulic  rams  with  long  buckets 
for  breaking  down  the  coal. 

He  thought  it  would  suit  them  better  to  simply  clean  the  coal  in- 
stead of  separating  it  into  diiferent  sizes.  There  seemed  to  be  a 
larger  percentage  of  dirt  and  shale  in  the  Lower  Province  coal  than 
in  that  from  the  United  States. 

He  would  like  to  know  the  difference  in  price  at  the  pit's  mouth 
between  lump  and  run  of  mines  coal,  and  if  it  is  the  custom  to 
dress  the  cars  conveying  run  of  mine  coal,  that  is,  to  place  the  lumps 
at  the  top  ?     He  had  noticed  cars  apparently  loaded  in  this  way. 

He  believed  that  briquettes  were  used  in  Europe  when  coal  was 
carried  long  distances,  because  in  this  form  it  did  not  deteriorate  so 
much  from  exposure  to  the  atmosphere,  and  they  could  be  more 
readily  slacked,  although  owing  to  the  pitch  used  in  their  manufac- 
ture such  coal  gave  off  more  smoke  in  combustion.  The  system 
adopted  in  England  of  tiring  factory  boilers  by  mechanical  means 
had  rendered  possible  the  burning  of  small  coal  with  satisfactory 
results.  The  regularity  with  which  the  furnaces  were  fed,  in  rela- 
tion to  the  quantity  of  air  supplied,  prevented  loss  through  the 
tubes,  and  the  percentage  of  ash  was  inconsiderable. 
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Mr.    John     Kennedy    enquired    whether   coal   could     be  cleaned  Mr.  Kennedy. 
rithoul  screening  so  as  to  save  the   cost  of  as   well   as  the  loss  by 
screening. 

In  buying  cargoes  of  coal  it  often  appeared  to  hiru  to  be  all 
duck,  and  at  times  he  found  it  hard  to  persuade  himself  that  it  had 
been  screened  at  all.  He  supposed  that  the  better  draught  obtained 
m  all  .sorts  of  boilers,  especially  on  board  steamers,  and  to  some 
jxtent  in  locomotives,  enabled  them  to  use  more  slack  or  run  of 
mine  coal  than  formerly.  Ten  years  ago  enormous  quantities  of 
Scotch  coal  were  used  in  Montreal,  because  it  was  thought  that 
nothing  else  would  give  satisfaction,  until  the  price  rose  so  high  that 
steam  users  had  to  purchase  Lower  Province  coal,  and  now  scarcely 
any  Scotch  coal  came  into  the  market. 

Mr.  Rhodes  said  he  would  be  glad  to  have  some  information  as  Mr.  Rhodes. 
to  the  manufacture  of  slack  into  briquettes.  Large  supplies  of  these 
were  manufactured  at  the  Tatf  Vale  collieries  in  Wales,  and  shipped  to 
Continental  railways.  They  were  made  from  the  pure  washing  of 
the  slack  coal  pressed  into  shape  with  hot  pitch.  There  was  a  large 
and  increasing  trade  done  in  these  briquettes,  principally  with  French 
Railways. 

Mr.  McLennan  remarked  that  Mr.  Wallis  had  spoken  from  the  Mr. McLennan. 
standpoint  of  the  consumer,  and  what  he  had  said  was  undoubtedly 
jorrect  from  that  as  well  as  from  his  own  standpoint.  They  endea- 
voured to  persuade  their  customers  to  use  "  run  of  mine  "  coal, 
especially  in  markets  reached  by  vessels,  on  account  of  the  damage  to 
the  coal  caused  by  dropping  into  the  vessels  and  afterwards  from  the 
vessels  into  the  dumps.  If  the  handling  could  be  reduced  so  that 
coal  could  be  simply  cleaned  and  sold  as  run  of  mine,  it  would  be  an 
advantage  to  everybody  concerned  except  householders.  His  company 
had  not  sold  to  the  Grand  Trunk  Railway  Co.  for  a  long  time  past, 
but  he  did  not  think  that  company  had  ever  received  from  them 
unscreened  coal.  He  remembered  distinctly  the  impression  made 
on  him  by  the  appearance  of  a  cargo  of  coal  in  Montreal  which 
had  been  loaded  in  Cape  Breton.  It  was  absolutely  unrecognisable, 
and  if  he  had  not  known  the  ship,  he  would  have  doubted  its  being 
the  same  coal  that  he  had  seen  in  Cape  Breton  five  or  six  days  pre- 
viously, the  destruction  in  handling  had  been  so  great. 

With  reference    to  the  percentage  of  culm    and   slack  coal,    it 
averaged  from  25  to  30  per  cent,  over  f  inch  apertures.    At  one  mine 
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it  was  as  much  as  35  per  cent.  Mr.  Routledge  claimed  to  get  18 
per  cent,  only  but  he  riddled  in  the  pit  at  that  time.  The  average 
might  be  taken  as  from  22  to  28  per  cent.  It  depended  to  some 
exti 'lit  on  whether  the  screens  were  double  or  not. 

Their  miners  were  paid  by  the  ton  on  the  run  of  the  mine  which 
was  supposed  to  be  cleaned  from  stone,  slate  and  roof.  They  could 
do  this  in  their  mine  where  there  was  only  one  band  in  it,  and  that 
about  one  inch  thick.  The  lump  was  cleaned  out  and  a  proportion 
had  to  be  afterwards  broken  in  order  to  get  out  the  slate  before  ship- 
ment. When  the  coal  was  riddled  in  the  mine  the  refuse  was  left 
there.  In  some  mines  this  practice  would  be  a  source  of  danger.  If 
there  was  a  demand  for  slack  it  would  be  taken  out  by  bags.  It  was  I 
thought  that  the  "  Billy  fair-play  "  system,  mentioned  by  Mr.  Brown, 
would  make  the  miners  more  careful,  but  when  they  found  that  the 
slack  for  which  they  were  not  paid  was  being  sold,  objection  was 
raised  to  the  system. 

In  reply  to  Mr.  Dodwell,  the  damage  to  the  coal  was  not  so 
much  due  to  disintegration,  which  did  not  take  place  until  some 
months  afterwards.  Coal  that  had  been  badly  mined  or  shaken  with 
powder  would  break  sooner,  but  no  doubt  all  coals  commenced  to 
disintegrate  slowly  from  the  time  they  were  mined.  His  experience 
with  lime  cartridges  had  not  been  satisfactory.  One  man  lost  an 
eye  through  some  which  had  been  sent  out  to  the  Sydney  Mines  to 
try.  With  regard  to  the  slack  they  coked  merely  what  was  required 
for  local  purposes.  Cape  Breton  coal  coked  tolerably  well,  but  was 
a  little  high  in  sulphur  for  iron  working. 

As  to  the  necessity  for  screening  as  an  incentive  to  good  mining, 
it  was  customary  to  pay  for  each  ton  of  coal  sent  up  if  it  were  reason- 
ably clean.  It  would  hardly  pay  to  screen  coal  at  the  point  of  delivery, 
which  would  cause  double  handling  and  therefore  increase  the  cost, 
but  it  might  be  done  if  the  market  at  that  point  were  large  enough 
for  pick  coal. 

Replying  to  Mr.  Wanklyn,  the  hydraulic  rams  had  not  been 
tried  in  Canada,  and  were  only  useful  when  the  coal  made  a  clear 
parting  from  the  roof.  If  the  roof  parted  badly  the  coal  had  to  be 
picked  over.  It  depended  upon  the  strata  next  the  roof.  He  had 
thought  sometimes  of  obtaining  a  few  wedges  to  try.  In  every  seam 
were  one  or  more  bands.  He  believed  that  in  the  case  of  the  Pitts- 
burg coal — perhaps  the  cleanest  coal  in  the  United  States — the  band 
was  very  much  broken  up.  They  mined  out  six  feet  and  actually 
sent  to  lump  four  to  four  and  a  half  feet,  while  the  rest  of  the  coal, 
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tttween  six  and  seven  feet  in  height,  was  thrown  away.  The  differ- 
•ncc  between  the  value  of  lump  and  run  of  mine  coal  at  the  pit's  mouth 
irould  probably  be  twenty  cents  or  a  little  over,  it  would  depend 
ipon  lie  price  obtained  for  slack.  In  the  Newfoundland  market  the 
lomestic  consumers  wanted  lump  coal  entirely.  He  did  not  think  it 
ras  usual  to  dress  coal  cars  in  the  manner  suggested. 

Referring  to  Mr.  Kennedy's  remarks,  the  cost  of  cleaning  coal 
ncluded  the  screening.  In  reality  considerable  labour  was  expended 
beyond  that  actually  engaged  in  screening.  The  slack  was  worth 
from  50  to  60  cents  a  ton. 

It  was  quite  as  painful  for  the  coal  owner  as  for  the  purchaser 
to  see  the  condition  in  which  the  coal  very  often  arrived  at  ports  of 
delivery.  Shippers  took  a  pride  in  seuding  it  away  in  good  condition, 
and  the  damage  which  took  place  in  transit  was  most  discouraging  to 
them.  Vessels  to  be  economically  worked  should  be  about  twenty  feet 
deep  in  the  hold,  and  it  would  be  in  the  interest  of  the  consumer  if 
the  system  of  discharging  could  be  improved.  The  method  of  hoisting 
a  tub  of  coal  by  a  whip  and  turning  it  over  into  a  car  caused  more 
Breakage  than  the  loading  of  the  vessel. 

With  reference  to  the  manufacture  of  briquettes,  at  the  Cowrie 
Mines  tiny  had  Yeadon's  apparatus,  and  they  made  tolerably  good 
bricks,  but  the  practice  did  not  seem  to  be  much  favoured.  More- 
over, they  had  not  any  great  excess  of  slack  in  Cape  Breton  or  Nova 
Scotia,  and  there  was  not  the  same  pressure  now  as  years  ago  to  get 
rid  of  it.  He  had  been  surprised  to  see  how  small  was  the  export 
of  bricks  at  Cardiff;  the  trade  did  not  seem  to  have  kept  pace  at 
all  with  the  coal  trade  from  that  city,  although  he  was  aware  that 
the  French  railways  were  rather  large  consumers. 

Referring  to  the  burning  of  slack  coal,  there  was,  as  had  been 
remarked  by  Mr.  Wanklyn,  some  difficulty  with  a  high  forced 
■Taught,  much  of  the  coal  would,  under  such  conditions,  pass 
through  the  tubes  and  up  the  smoke  stack  unburnt.  One  of 
their  steamers  carrying  coal  to  Montreal  some  years  ago  and  burning 
slack  ran  under  such  conditions  with  an  excessive  consumption,  he 
thought,  of  about  25  per  cent.  He  believed,  however,  that  quite  a 
number  of  colliers  were  running  on  the  east  coast  with  slack  coal 
entirely,  and  with  a  different  arrangement  of  grate;  they  could  pro- 
bably do  the  same. 

The  maximum  evaporative  results  would  probably  be  obtained 
from  the  use  of  nut  coal.  Slack  was  more  likely  to  heat  spontan- 
eously, but  it  would  part  with  the  volatile  carbons  more  readily 
even  although  there  might  be  no  actual  heating. 


CORRESPONDENCE. 

Mr.  Leonard,         Mr.   R.   W.  Leonard  said  that  in  Spring  Hill,  all  stone  or  otlie 
impurities  must  be  separated  in  the  pit  by  the  loader  employed  by 
the  coal  cutters,  and  boxes  of  dirty  coal  are  "  docked  "  at  the  ban! 
head,  i.e.,  the  miner  is  not  paid  for  them. 

The  form  of  the  bars  has  much  to  do  with  the  successful  screening 
of  soft  coal.  Cast-iron  bars  are  rough,  and  are  apt  to  cause  much 
trouble  in  cold  weather  by  freezing  up  ;  square  bars  set  on  edge  are  very 
well  adapted  for  the  work,  but  it  is  necessary  to  clean  them  continually 
with  a  hoe,  as  certain  sized  pieces  will  stick  between  them.  Flat  toj 
bars  f"  wide  on  top,  J"  at  bottom,  and  1^"  deep  are  not  so  subject  to 
this  trouble,  but  do  not  screen  as  efficiently,  unless  the  screen  is  made 
in  two  sections  with  bars  in  second  section  opposite  space  in  first  part 

The  "  ordinary  method "  described  by  Mr.  McLennan  is  used  in 
screening  in  Spring  Hill,  and  is  found  to  suit  our  requirements  very 
well.  Two  of  our  bank  heads  are  too  low  (18  ft.  and  22  ft.)  to  adopt 
the  admirable  system  described  by  Mr.  Poole. 

The  output  of  these  mines  is  very  large,  and  1300  boxes  of  1650 
lbs.  have  been  passed  over  two  screens  in  ten  hours.  The  screens  are 
six  feet  wide,  and  are  fixed  at  an  angle  of  about  thirty  degrees.  The  bars 
are  ten  feet  long,  of  one  inch  square  iron  set  on  edge,  and  spaced  three- 
quarters  of  an  inch  apart.  The  speed  of  the  coal  sliding  over  the  bars 
is  regulated  by  a  stop  door  above  the  screen  bars,  hinged  at  the  top,  and 
held  by  a  lever  by  which  the  door  can  be  opened  as  much  as  is  necessary 
to  run  the  coal  over  the  bars  at  the  required  speed.  By  keeping  the 
shute  full  above  the  stop  door,  the  coal  is  not  broken  much  by  being 
stopped  in  that  manner.  Below  the  bars  is  a  long  apron  running  out 
to  a  flat  angle  on  which  the  coal  rests,  where  it  is  thoroughly  picked  by 
men  handling  it  over  with  hoes.  With  careful  work  Spring  Hill  coal 
can  be  well  screened  without  much  breakage,  although  it  is  one  of  the 
tenderest  coals  in  the  Province.  The  slack  is  run  into  cars,  and  is 
then  taken  to  a  large  revolving  screen  if  required  to  be  further 
separated  into  nut  and  culm. 

This  screen  was  erected  last  year  and  has  a  capacity  of  over  400  tons 
in  ten  hours  (it  has  screened  516  tons  in  that  time)  ;  it  is  20  ft.  long 
and  5  ft.  in  diameter.  The  coal  is  hoisted  by  an  endless  chain  of  buck- 
ets 40  ft.  from  a  hopper  under  the  track,  and    may  be  separated  into 
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four  different  sizes  if  required.  The  different  sizes  drop  into  separat3 
pbBj  and  are  thence  run  into  cars  as  required.  The  cost  of  screening 
it  the  Rotary  is  about  6  cts.  per  ton,  including  shunting  of  cars. 

The  modified  Rigg's  system  of  screening  finally  adopted  hy  Mr.  Mc- 
Lennan is  essentially  identical  with  a  system  in  common  use  at  the 
collieries  on  the  Kanawha  River,  West  Virginia. 

In  that  district  the  Mount  Carbon  Coal  Co.  has  a  most  ingenious 
I  ooal  transfer"  or  wharf  for  loading  their  coal  (which  is  very  easily 
broken )  into  barges,  at  the  greatly  varying  heights  of  water  in  the  river. 
This  wharf,  which  is  very  cheaply  and  substantially  constructed,  has  a 
capacity,  it  is  stated,  of  about  400  tons  per  hour.  It  breaks  the  coal 
iss  than  any  other  system  the  writer  has  seen,  and  is  a  very  cheap  one 
for  even  small  shipments.  It  is  fully  described  in  the  Transactions  of 
he  American  Institute  of  Mining  Engineers,  1888,  but  a  short  descrip- 
tion of  it  will  not  be  out  of  place  here.  It  is  a  simple  application 
)f  a  flexible  steel  belt  4  ft.  wide,  with  6  inch  flanges,  and  of  the 
•equired  length  between  sprocket  wheels  to  suit  different  heights  of 
vessel  or  water  without  being  so  st 'ep  as  to  allow  the  coal  to  ni<>ve  on 
it.  The  motive  power  is  a  small  stationary  engine,  and  the  belt  vir- 
tually draws  the  coal  from  the  open  hopper  of  the  car  and  carries  it  to 
the  vessel.  The  outer  end  of  the  belt  is  raised  or  lowered  (being 
pivoted  at  the  inner  sprocket  wheel)  to  suit  varying  stages  of 
the  water.  This  system  is  being  rapidly  adopted  in  the  "  New  South,'' 
where  coal  is  required  to  be  handled  without,  breakage.  The  Cuinber- 
and  Railway  and  Co  il  Company  are  preparing  to  erect  a  similar  wharf 
it  Pugwash,  for  loading  into  all  classes  of  vessels  for  the  St.  Lawrence 
trade. 

Mr.  E.  Gilpin  said  that  in  Nova  Scotia  for  many  years  the  distinction  Mr.  Gilpin . 
between  round  and  slack  coal  was  an  arbitrary  one.  The  screens  at 
ill,  or  nearly  all,  the  collieries  being  made  with  bars  £  of  an  inch 
ipart,  in  order  that  the  requirements  of  the  royalty  clauses  of  the 
Mines  Act  might  be  most  readily  complied  with.  The  law  required  a 
payment  of  6d  (9.7  cents)  per  ton  of  22-10  lbs.  on  all  unscreened  or 
round  coal,  i.e.,  coal  th  it  had  not  passed  between  the  bars  of  a  screen 
placed  f  of  an  inch  apart.  In  the  earlier  days  also  nothing  but  lump 
joal  was  considered  marketable  for  general  purposes.  In  the  Block 
House  pit,  Cape  Breton,  gas  coal  was  riddled  in  the  pit  through 
riddles  having  \  inch  meshes,  and  passed  without  the  formal  screening 
lirect  to  the  vessel,  the  saving  in  time  and  expense  compensating  for 
the  increased  amount  of  royalty  paid.     At  other    Cape  Breton  mines 
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riddled  coal  was  banked  out  during  the  winter,  and  when  screened 
in  the  spring  was  found  to  have  made  nearly  as  much  more  slack 
The  result  of  the  adaptation  to  market  purposes  of  the  size  of  f  inch 
as  distinguishing  slack  from  round  coal,  has  been  that  hundreds  of  thou 
sands  of  tons  of  nut  coal,  equal  to  round  for  nearly  every  purpose,  have 
been  thrown  away  and  irrevocably  lost. 

His  experience  has  been  that  at  Nova  Scotia  collieries,  under  ordi 
nary  circumstances,  steam  can  be  as  quickly  raised  and  as  readily 
maintained  by  slack  coal  as  by  the  more  costly  fuel.  The  Provincial 
Insane  Asylum,  under  the  charge  of  the  Works  and  Mines  Depart- 
ment, has  for  a  number  of  years  used  culm  from  Pictou  for  boilers, 
for  pumping  and  steam  heating,  with  the  most  satisfactory  results. 
Several  plans  have  been  tried  with  more  or  less  success  for 
screening,  in  addition  to  those  referred  to  by  Mr.  McLennan.  Doors 
are  put  across  the  screens,  so  that  the  coal  can  pass  over  them  at  the 
speed  and  in  the  amounts  desired  by  the  screeners.  A  flat  plate  at  the 
foot  of  the  screens  often  receives  the  coal  which  undergoes  a  final  clean 
ing,  and  then  the  plate,  turning  by  a  lever,  falls  into  the  coal  car. 

Underneath  the  round  coal  screen,  attempts  have  been  made  to  sep 
arate  the  nut  and  culm  by  means  of  square-rneshed  iron  wire  screens 
having  a  lateral  shaking  m"tion.  At  Spring  Hill  a  separation  into 
three  classes  of  small  coal  has  been  satisfactorily  effected  by  a  revolv 
ing  screen  taking  the  coal  from  an  endless  bucket  rope.  Great 
trouble  is  experienced  in  screening  wet  or  damp  coal,  especially  when 
the  operation  is  performed  while  the  temperature  is  several  degrees 
below  freezing  point.  The  shape  of  the  small  pieces  into  which  the  coal 
of  any  particular  seam  breaks  is  also  an  item  to  be  observed,  for  with 
some  coals  longitudinal  screens  will  take  out  more  slack  than  square- 
meshed  screens  of  relatively  greater  area. 

He  believes  that,  at  the  present  stage  in  the  preparation  and 
use  of  coal,  a  good  nut  coal  gives  the  greatest  satisfaction  to 
buyers  for  all  steam  and  domestic  purposes.  The  great  object  of  coal 
producers  is  the  introduction  of  a  satisfactory  system  of  burning 
slack  coal.  At  the  mine  the  object  should  be  to  ship  all  the 
coal  that  is  raised  for  the  market  as  well  cleaned  as  possi- 
ble. At  the  market  the  lumps  could  be  separated  down,  say,  to  stove 
size,  and  sold  for  domestic  grates,  etc.  Then  the  resulting  coal  could 
be  separated  into  nut  for  ranges,  small  stoves,  etc.,  and  pea  and  culm 
for  factories,  etc.  If  this  could  be  done  the  problem  of  screening  would 
be  immensely  simplified,  and  the  sale  of  the  small  coal,  now  thrown  away, 
would  represent,  in  many  cases,  a  handsome  profit,  and  lessen  the 
inroads  on  the  solid  coal  reserves  of  the  mines. 
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Mr.  H.  S.  Poole  said  that  Mr.  McLennan  almost  implied  that  the  Mr-  Poole- 
credit  of  one  of  the  designs  he  described  is  due  to  him,  but  that  he 
cannot  claim  anything  more  than  the  simplification  of  a  few  details,  e.  jr., 
the  removal  from  the  outer  end  of  the  A  screen  apron  of  a  door,  which  on 
descending  is  opened  by  a  catcli  striking  a  projection.  As  contrived  the 
latch  did  not  always  close,  and  the  improvement  consisted  in  substituting 
and  so  adjusting  a  fixed  stop  over  the  apron,  that  the  incn  as  d  distance 
for  the  coal  to  slide  from  the  stop  outwards,  allowed  sufficient  time  for  the 
apron  to  descend  and  come  in  contact  with  the  main  screen  before  the 
released  coal  could  pass  over  the  end.  Another  minor  detail  was  in 
substituting  curved  bars,  at  the  bottom  of  the  receiving  dead  plate,  for 
straight  bars  which  were  liable  to  bj  choked  by  fragments  of  coal  fall- 
ing on  them  vertically  and  wedging  between  them.  And  yet  again,  by 
controlling  the  movement  of  the  aprons  by  friction  merely  instead  of 
by  rack  and  pinion. 

The  objects  of  the  arrangements  described  are,  as  Mr.  McLennan 
says,  to  size  the  coal  and  separate  the  good  from  the  u  nsaleable  bone  coal 
and  stony  shale,  etc. ;  and  yet  the  more  complicated  must  appear  very 
simple  to  any  one  familiar  with  the  elaborate  structures  and  appliances 
known  as  "  breakers  "  in  the  anthracite  region  of  Pennsylvania,  erected 
for  the  same  purposes.  The  anthracite  being  hard  withstands  the  exces- 
sive handling  necessary  to  effect  the  perfect  sizing,  and  justifies  the 
great  expenditure  incurred  in  its  preparation  for  market,  while  the 
friable  nature  of  most  of  the  varieties  of  bituminous  coal  does  not  per- 
mit of  the  same  treatment  being  extended  to  them.  Nor  would  careful 
sizing  be  of  use  in  any  variety  that  agglutinated  under  the  boiler,  and 
required  after  this  change  has  taken  place  the  use  of  the  slice  to  open 
up  the  fires. 

It  may  even  be  questioned  whether,  in  some  cases,  it  is  not  useless  to 
extract  the  small  coal  and  dust  made  in  mining  and  in  handling  in  the 
pit.  since  the  coarser  portion  separated  by  screening  is  immediately  after 
exposed  to  still  greater  abrasion  and  pulverization  by  falling,  first  some 
5  or  6  feet  into  wagons  or  cars,  and  from  them  into  the  holds  of  ships, 
dropping,  it  may  be,  20  or  even  30  feet,  shovelled  over  by  the  trimmers, 
shovelled  into  tubs  at  the  port  of  discharge,  dumped  into  carts,  thence 
into  heaps  and  the  subsequent  handling  familiar  to  consumers.  Those 
varieties  of  soft  coal,  however,  which  do  not  possess  the  property  of 
caking  under  heat,  and  are  compact,  and  which  are  in  demand  for 
grate  purposes,  may  justify  greater  care  in  preparation.  With  ordinary 
soft  coal  it  may  be  doubted  whether  screening  beyond  so  much  of  the 
process  as  consists  in  picking  out  the  mixed  stone  and  inferior  coal 
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is  worth  the  cost,  at  least  when  the    coal'  is  subsequently  to  be  exposed 
to  several  rough  handlings  before  it  reaches  the  consumer. 

To  clean  the  coal  more  thoroughly  than  the  ordinary  screen  permits 
of,  mined  coals  are  in  some  localities  crushed  and  washed,  the  separa- 
tion being  effected  by  a  pulsating  upward  current.  Or  the  cleaning  is 
attained  by  hand  picking  from  tables,  either  circular,  which  are 
made  to  slowly  rotate,  or  in  the  form  of  continuous  bands  which  slowly 
pass  before  the  pickers. 

Mr.  Routiedge  Mr.  Routledge  said  that  from  what  he  has  seen  of  the  Billy  Fairplay 
system  of  screening  coals,  adopted  at  Sydney  mines,  he  believes  it  is 
the  most  perfect  and  honest  system  for  lessening  the  quantity  of  slack 
in  working  ooal  which  has  yet  been  adopted.  The  employer  pays  only 
fur  large  merchantable  coal ;  the  honest  and  careful  miner,  by  keeping 
his  working  low,  sheaving  it  narrow,  and  studying  the  proper  applica- 
tion and  quantity  of  powder  to  use,  makes  considerably  more  large  coal 
than  his  careless  fellow-workman,  and,  what  is  more,  the  less  powder 
used  the  more  merchantable  will  coal  be  delivered  at  its  destination. 
His  knowledge  of  Billy  Fairplay  screening  goes  back  for  a  period  of 
perhaps  28  years,  when  he  saw  it  first  adopted  by  the  present  Sir  George 
Elliott  at  the  old  Durham  collieries  in  England. 


Pajier  No.  39. 

THE  MANUFACTURE  OF  NATURAL  CEMENT, 

AS    CARRIED   ON   AT    THE   NAPANEE    MlLLS,    ONTARIO. 

By  M.  J.  Butler,  M.Can.Soc.C.E. 

Tbe  Geological  Report  of  the  State  of  New  York,  1839,  coutains  an 
analysis  of  "  Manlius  Hydraulic  Limestone,"  stating  at  the  same  time  : 
I  This  stme  belongs  to  the  same  bed  which  yields  the  hydraulic  cement 
obtained  near  Kingston,  Upper  Canada."  As  the  only  bed  of  hydraulic 
limestone  found  near  Kingston  is  the  one  at  Napanee  Mills,  there  can 
be  no  doubt  but  that  it  is   the  one  referred  to. 

It  was  not,  however,  until  the  year  1867  that  anything  was  done 
towards  working  the  bed,  when  Mr.  H.  M.  Wright,  a  lumber  merchant, 
acquired  the  quarry  and  had  one  or  two  kilns  built  at  the  qu  irry  site. 
The  mill  for  grinding  the  stone  and  the  cooperage  works  for  the  manu- 
f  icture  of  the  barrels  were  built  at  Napanee,  six  miles  distant,  where 
convenient  facilities  for  shipping  by  boat  or  rail  were  to  be  had,  the 
burnt  rock  being  teamed  from  the  quarry  to  the  mill.  Messrs.  Wright 
&  Co.  produced  a  fairly  good  quality  of  cement,  supplying  the  local 
demand  for  a  cement  for  cellar  floors,  ci>terns,  dams,  etc.  ;  they  sold 
out  to  George  Lasher  &  Co.  in  187-1,  who  carried  on  the  cement  and 
lime  business  for  six  years. 

In  1880  the  Napanee  Cement  Co.  (Lmtd.)  wa3  incorporated,  buying 
the  mill  and  cooperage  works  at  Napanee,  and  arranging  with  Mr. 
Lasher  to  supply  the  burnt  rock  to  the  mill  at  a  stated  price  per  ton. 
This  arrangement  proved  very  unsatisfactory  to  the  Cement  Co.  In 
1883  the  cement  was  so  very  bad,  that  it  was  felt  that  something  had 
to  be  done  to  improve  the  quality. 

The  writer  was  requested  by  the  manager  to  make  an  examination 
of  the  quarry,  mill,  method  of  burning,  grinding,  etc.  On  examina- 
tion it  was  found  that  the  stripping  (consisting  chiefly  of  a  loose  shale) 
and  all  other  rock,  just  as  it  came  handy,  without  regard  to  size,  quality 
or  anything  else,  was  alike  dumped  into  the  kilns  to  be   burned  for 
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about  24  hours.  At  the  mill  the  grinding  was  loosely  and  carelessly 
done,  one  burrstone  alone  turning  out  130  barrels  per  day. 

A  report  was  made  setting  forth  the  facts  and  advising  a  c ireful  test 
of  e;ich  layer  in  the  quarry  by  itself;  some  to  be  underburnt,  some  to 
the  point  of  vitrification,  some  intermediately.  Attention  was  particu- 
larly requested  to  getting  the  grinding  as  fine  as  possible  so  as  to 
retain  not  more  than  ten  per  cent,  on  a  2,500  mesh.  The  purchase  of  a 
testing  machine  was  advised.  It  was  thought  that  in  this  way  the 
best  cement  mLht  be  had  that  the  quarry  was  capable  of  producing. 
Some  time  in  1884  the  manager  died  ;  after  which  the  company  was 
re-organized.  A  new  manager  of  works  was  secured,  and  the  work 
of  real  improvement  was  energetically  taken  in  hand,  and  is  still  being 
carried  on. 

In  1886.  owing  to  the  construction  of  the  Napanee,  Tamworth  and 
Quebec  Railway,  which  passes  close  to  the  quarry,  it  was  thought  best 
to  build  a  new  mill  at  the  quarry  site.  Before  doing  so,  however,  the 
Cement  Co.  had  a  series  of  careful  and  thorough  tests  of  every 
layer  in  the  quarry  made  by  an  expert  in  the  cement  business 
from  the  United  States  ;  his  report  advised  the  using  of  certain  layers 
aggregating  some  5^  feet  in  depth . 

The  mill  is  built  of  stone  40  x  80  feet,  three  stories  in  height  with  an 
engine  and  boiler  room  40  x  40  feet,  also  of  stone,  one  story  in  height, 
containing  an  engine  of  40  H.  P.  and  two  horizontal  tubular  boilers. 
South  of  the  main  building  and  70  feet  distant  is  the  stave  preparing 
mill  30  x  80  feet,  built  of  brick.  One  hundred  feet  to  the  east  of  the 
main  building  is  the  barrel  factory  30  ft.  by  50  ft.,  also  of  brick.  The 
kilns,  of  which  there  are  three,  lie  about  200  ft.  north  of  the  main  build- 
ing. They  are  of  the  continuous  burning  type,  with  two  doors  for 
firing  purposes  and  one  door  for  withdrawing  the  charge. 

Process  of  Manufacture: — The  rock  is  broken  into  pieces  of 
tolerably  uniform  sizes,  averaging  about  ^  to  y1^  of  a  cubic  foot  each, 
loaded  into  carts,  hauled  to  the  top  of  the  kilns  aid  dumped  into 
them.  There  are  three  continuous  kilns  fired  on  two  sides;  each  kiln 
holding  sufficient  rock  to  make  about  150  barrels  of  cement.  The 
charge  is  withdrawn  about  every  eight  hours,  depending  somewhat  on 
the  weather,  the  foreman  and  attendant  judging  from  the  appearance 
of  the  stone  the  sufficiency  of  the  burning.  It  requires  about  half  a 
cord  of  soft  wood  to  each  ton  of  cement.  As  fist  as  the  charge  is 
withdrawn  at  the  base  of  the  kiln,  it  is  loaded  into  an  iron  car,  and 
hauled  by  a  wire  rope  up  an  incline  to  the  third  floor  of  the  building. 
Here  it  is  dumped  into  a  conical  box  which  feeds  by  gravity  into  a  rock 


I 


Butler  on  the  Manufacture  of  Natural  Cement.  99 

breaker,  and  slowly  tumbles  down  to  the  second  floor  where  it  reaches  the 
grinders,  about  the  size  of  beans.  The  grinders  are  the  ordinary 
French  burrstones.  It  is  then  ground  and  passed  to  bolters  that  are  at 
present  1,600  meshes  to  the  square  inch.  A  finer  bolting  cloth  2,500 
meshes  was  tried,  but  was  found  to  clour  with  the  finer  particles  attaching 
themselves  to  the  wire.  The  residue  from  the  bolters  is  returned  to  the 
stones  and  reground.  Numerous  tests  show  that  a  2,500  mesh  stan- 
dard sieve  will  retain  barely  10  per  cent.  After  leaving  the  grinders 
the  cement  drops  on  the  first  floor,  where  it  is  allowed  to  cool  on  an 
average  for  about  two  weeks  before  being  barrelled.  A  series  of  tests  are 
made  from  each  burning,  the  procedure  in  preparing  the  samples  being 
that  recommended  by  the  Committee  on  cement  testing  of  the  Amer- 
ican Society  of  Civil  Engineers,  the  object  of  the  tests  being  to  insure 
a  uniform  article. 

For  convenience  of  reference  and  comparison  tables  of  analysis  and 
strength  are  appended,  see  pages  102  and  103. 

It  is  not  quite  such  a  simple  a  mitter  as  it  appears  to  prepare  bri- 
quettes properly  for  the  testing  machine.  To  begin  with,  the  quantity  of 
water  used  exercises  a  most  important  influence, the  mortar  should  be  very 
stiff  and  be  firmly  pressed  into  the  mould  so  as  to  exclude  all  air,  the 
operations  should  be  performed  quickly,  the  sample  should  rest  on  an 
impervious  plate,  glass  being  probably  as  good  as  anything.  When  the 
mould  is  filled,  it  should  be  struck  off  evenly  with  a  trowel,  and  be  left 
quietly  for  a  short  time  before  attempting  to  remove  the  sample  from 
the  mould,  the  slightest  disturbance  at  this  sta^e  materially  interfering 
with  the  proper  setting  of  the  briquette.  After  the  sample  has  set  in  air, 
usually  one  hour  being  required,  it  should  then  be  carefully  removed 
from  the  mould  and  placed  in  water,  where  it  should  remain  until  the 
expiration  of  the  time  fixed  for  breaking. 

Once  it  is  placed  in  the  testing  machine  the  load  should  be  applied 
steadily,  quietly,  and  without  jerking  up  to  the  breaking  limit. 
Although  every  care  may  be  exercised  in  the  preparation  and  mani- 
pulation of  the  samples  under  test,  it  will  be  found  that  they  do  not 
break  with  unif)rmity,  and  it  is  only  by  taking  the  average  of  a  number 
of  samples  that  anything  like  a  correct  result  can  be  arrived  at. 

Having  secured  a  high  tensile  strength,  as  evidenced  by  the  testing 
machine,  the  question  is,  have  we  a  cement  that  is  going  to  prove  itself 
reliable  when  subjected  to  the  test  of  time  and  the  elements  ?  Is  there 
any  connection  between  hi<*h  tensile  strength  and  good  reliable  wearing 
properties  ?  Have  the  cements  that  show  a  high  tensile  strength  proved 
themselves  better  under  use  than  the  natural  cements  ?     Is  it  not  a  fact 
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that  the  cements  which,  give  such  a  high  tensile  strength  grow  brittle 
with  age,  and  crack  and  peel  off?  Witness  the  cement  walks  wherever 
laid,  the  pointing  in  any  old  bridge  with  the  higher  testing  Portland 
cements,  they  will  be  found  full  of  cracks  and  scales  which  can  be  readily 
picked  off.  Although  it  is  very  hard,  it  is  brittle,  whereas  when  we  come 
to  examine  any  old  work  laid  up  with  the  natural  cements,  we  rarely 
find  cracks  or  other  signs  of  disintegration.  The  variety  and  extent  of 
the  works  in  existence,  built  entirely  with  the  natural  cements,  show 
their  good  lasting  qualities  ;  witness  the  Erie  Canal,  the  high  bridge  on 
theCroton  Aqueduct,  and  innumerable  other  works  of  great  magnitude. 
The  writer  has  used  in  one  season  over  10,000  barrels  of  natural 
cement  from  Louisville,  Milwaukee  and  Utica,  on  foundations  in  cais- 
sons, on  well  work  and  in  other  trying  situations  without  an  instance  of 
failure. 

At  Napanee  Mills,  the  Napanee  Paper  Co.,  Limited,  put  in  some  three 
or  four  tanks  of  large  size,  and  lined  them  with  the  Napanee  cement, 
about  ten  or  twelve  years  ago,  which  are  perfectly  water-tight,  the  cement 
having  set  as  hard  as  limestone  rock.  At  Gananoque  the  dams  and 
canals  of  the  Gananoque  Water  Power  Co.  are  all  grouted  with 
Napanee  cement,  some  of  it  haviug  been  in  use  eight  or  nine  years. 

In  1883  the  writer  was  present  at  the  tearing  down  of  an  old  head 
gate  which  lhad  partially  rotted  out,  and  it  became  necessary  to  cut 
away  some  posts  that  had  been  grouted  in.  It  actually  took  two  good  men 
one  day  to  pick  out  a  post  8"  x  8"  x  7  feet,  showing  how  hard  the 
cement  had  become.  These  dams  are  all  water-tight,  and  the  ceaieut 
is  very  hard. 

At  Deserouto,  about  five  years  ago,  the  foundations  for  a  heavy  gas- 
ometer, requiring  to  be  perfectly  water-tight,  were,  with  much  misgiving 
on  the  part  of  the  superintendent,  put  in  with  a  concrete  composed  of  two 
parts  sand  to  one  of  Napanee  cement  and  three  parts  broken  limestone. 
Not  one  cent  has  ever  been  expended  for  repairs,  and  the  concrete  is  now 
in  first-class  order  without  a  crack.  On  the  Grand  Trunk  Riilway 
bridges,  on  the  canals  and  other  public  works  of  the  Government, 
many  thousand  barrels  have  been  used,  all  giving  great  satisfaction.  If 
too  much  water  or  sand  is  used  the  mortar  will  of  course  be  weakened, 
but  when  such  a  record  as  the  above  can  be  shewn  from  the  old  cement, 
there  is  no  doubt  but  that  the  cement  now  being  turned  out  is  a  first 
rate  reliable  natural  cement,  as  good  as  can  be  ordinarily  secured  in 
any  of  the  quarries  in  use. 

K.  J.  De  Smedt,  chemist  to  the  District  of  Columbia,  U.  S.,  says  :  "  A 
limestone  such  as  dolomite,  containing  46  per  cent,  of  magnesia,  has  been 
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pronounced  unfit  for  making  good  cement ;  but  when  the  percentage  of 
magnesia  is  not  too  large,  it  becomes  in  time  just  as  hard  ns  a  cement 
containing  no  magnesia,  with  this  difference,  that  it  is  somewhat  slow  in 
setting.  In  sea  water  containing  magnesia  such  cement  should  be  pre- 
ferred, for  the  reason  that  it  does  not  disintegrate  in  that  water." 
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DISCUSSION. 

Mr  Hannaford.  Mr-  Banoaford  said  his  experience  with  natural  cements  was  no' 
so  favourable  as  with  artificial  cements,  and  that  with  the  former  the 
bulk  was  often  inferior  to  the  samples.  In  explanation  of  this,  it 
may,  and  no  doubt  does,  arise  from  the  fact  that  the  stone  from 
which  natural  cement  is  manufactured  is  in  beds,  adjacent  and  mixed 
with  ordinary  limestone,  and  that  the  assorting  of  the  one  from  the 
other,  and  the  selection  of  the  natural  cement  stone,  even  within  its 
own  compass,  requires  the  most  careful  attention  of  experts,  and 
that  when  a  demand  is  made  upon  natural  cement  works  for  a  large 
supply,  it  is  reasonable  to  suppose  that  the  selection  of  the  stone  is 
apt  to  be  hurried  ;  but  be  that  as  it  may,  his  experience  has  been  that 
as  a  rule  natural  cements  do  not  hold  their  character  throughout 
bulk,  like  artificial  cement,  and  hence  in  carrying  out  works 
(especially  under  contract)  this  element  affords  much  anxiety. 

But  assuming  that  the  difficulty  above  mentioned  may  be  over- 
come by  care  in  selection  and  systematic  manufacture,  this  process 
means  additional  cost ;  still,  even  so,  can  the  output  of  natural  cement 
meet  the  market  demand,  and  is  it  equal  to  the  artificial  cements  ? 

He  was  unable  to  give  a  reply  to  the  first  query.  There  are 
several  natural  cement  works  in  Canada,  and  all  alike  praise  their 
output  ;  but  in  regard  to  equality  with  artificial  cements,  his 
experience  has  been  that  none  of  them  are  to  be  relied  upon  in  bulk 
for  doing  work  equal  to  artificial  cement.  Artificial  cement  (Portland) 
has  the  qualities  of  quick  setting,  great  cohesion,  and  resistance  of 
sea  water  beyond  all  others,  whilst  it  can  be  used  freely  with  water 
to  form  "  grout,"  which  natural  cements  cannot  be,  and  whilst  water 
may  be  used  freely  with  artificial  cement,  it  must  be  used  sparingly 
with  natural  cements. 

In  the  way  of  concrete  his  experience  has  been  that  artificial 
cement  was  preferable  to  natural  cement,  and  that  he  had  failed  to 
obtain  results  of  hard  setting  in  water  from  natural  cement,  whilst 
in  sea  water  it  refused  to  set.  He  had  used  natural  cement  in 
concrete  but  invariably  laid  in  air. 
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Mr.  W.  E.  Grower  thought  that  Mr.  Hannaford's  claim  as  to  the  Mr- G°*er. 
unreliability  of  the  cement  was  fully  borne  out  by  the  figures  given 
by  Mr.  Butler,  who  gave  7  days'  test  at  90  lbs.,  one  month's  at  140, 
and  (J  months'  at  280.  The  figure  given  by  Mr.  Bravender  showed  a  7 
days'  test  at  135  lbs.  and  a  27  days'  test  at  200  lbs.;  but  on  referring 
to  a  paper  read  before  the  Society  by  Mr.  Rust,  on  the  Construction 
of  Sewers  in  Toronto,*  he  found  the  results  of  tests  of  Napanee  cement 
showed  for  a  6  days'  test  39  lbs.  per  sq.  in.  only,  and  a  30  days'  test 
76  lbs.  only  ;  these  figures  were  considerably  less  than  50%  of  those 
given  by  either  Mr.  Bravender  or  Mr.  Butler.  He  thought  there  was 
no  doubt  that  Canadian  cement  could  be  made  to  stand  a  very 
high  test,  although  he  had  not  arrived  at  the  figures  given  by  the 
gentleman  who  said  that  he  had  tested  the  Hull  cement  and  had 
attained  the  result  of  676  per  sq.  inch  for  7  days,  lie  understood 
that  the  highest  test  cements  known  at  present  were  German 
cements,  and  for  a  7  days'  test  these  did  not  attain  the  figures  of  the 
Hull  test.  In  February,  1889,  he  tested  four  briquettes  of  artificial 
cement,  and  the  result  was  from  325  to  219  lbs.,  one  giving  a  very 
low  test,  the  average  being  292  lbs.  for  a  7  days'  test. 

Mr.  Reid  said  it  would  not  be  prudent  for  him  to  say  much  about  Mr.  Reid. 
the  quality  of  cement  made  in  different  parts  of  Canada.  There 
could  be  no  doubt  that  there  was  an  abundance  of  suitable  material 
here.  The  first  Portland  cement  he  made  was  in  1869  in  Halifax, 
N.  S.  Material  there  was  abundant  and  fuel  cheap.  A  quantity  of 
cement  was  then  being  sent  out  by  the  British  Government  for  the 
harbour  fortifications,  and  he  made  some  native  cement  and  subjected 
it  to  a  test  made  by  the  Royal  Eugineers,  then  stationed  there.  At 
that  time — 21  years  ago — Portland  cement  was  scarcely  known  in 
Montreal,  and  comparatively  little  of  it  was  used  in  New- York.  He 
commended  Mr.  Thos.  Arnold's  method  of  testing  samples: — Each 
of  his  small  briquettes  contained  135  grammes  of  cement  compressed 
into  a  dry  mould  by  screw  pressure,  which  were  then  treated  in  water. 

Mr.  Dodwell  considered  that  one  of  the  most   important  features  Mr.  Dodweil. 
in  the  cement  discussion  was  the  desirability  of  a  uniform  system  of 
testing.     The   want  of  such  a  system    has  been  one    of  the   great 
defects  and  difficulties  in  comparing  tests  of  one  cement  with  that  of 
another,  the  systems  of  testing  having  been  dissimilar,  and  anything 

*  "  Construction  of  Toronto  Sewers,"  by  C.  H.  Rust.    Transactions,  Vol.  II,  page  302. 
November,  1888. 
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that  would  tend  towards  uniformity  in  the  testing  of  cement  would 
be  of  very  great  advantage. 

Prof.  McLeod.  Professor  McLeod  asked  if  in  the  method  mentioned  by  Mr.  Reid 
the  pressure  was  uniform  ? 

Mr.  Eeid.  Mr.  Reid  said  the  pressure  was  uniform,  because  the  plunger  was 

made  precisely  to  fit  the  briquette,  and  when  pressed  down  level  it 
left  exactly  the  space  of  one  inch. 

Prof.  McLecd.  Professor  McLeod  understood  the  pressure  was  measured  in  that 
way  by  the  volume  which   the  powder  occupied. 

Mr.Reid.  Mr.  Reid  said  that  a  briquette  mould  would  contain  135  grammes 

under  certain  pressure,  and  that  this  could  not  be  overdone  or  over- 
strained so  that  there  was  uniformity  in  every  briquette  ;  a  little  tray 
filled  with  water  was  used  in  which  the  briquettes  were  placed. 

Prof.  McLeod.  Professor  McLeod  thought  different  cements  would  have  different 
gravities,  and  it  could  not  be  expected  that  the  same  weight  would 
always  occupy  the  same  volume. 

Mr.  Dodweii.  Mr.  Dodwell  did  not  think  the  Arnold  system  was  quite  free  from 
objections  in  some  points,  but  the  great  point  was  that  if  it  could  be 
universally  introduced  as  a  standard  of  cement  tests,  that  would  be 
sufficient,  as  results  would  then  be  comparable,  and  the  objections 
wo  aid  be  of  no  moment. 

Mr.  Hopkins  Mr.  Hopkins  considered  that  if  there  was  a  good  deal  of  material 
containing  iron  ore  it  was  better  by  not  being  tested  in  amounts  of  135 
grammes  as  the  density  would  not  be  as  great.  That  seemed  to  him  to 
be  the  chief  objection,  because  of  the  testing  by  the  same  unit  of 
weight  instead  of  volume. 

Mr.  Reid.  Mr.  Reid  asked  if  that  would  not  be  apparent  in  the  result  of  the 

briquette  test  ? 


Mr.  Irwin.  Mr.  Irwin  said  in  any  case   cement  was  sold  by  the  barrel,  and  its 

value  determined  by  volume  instead  of  by  weight.     He  considered  a 
good  testing  machine  was  much  required. 
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Professor  McLeod  said  he  had  asked  the  question  because  he  i'rof.  McLeod. 
thought  that  possibly  there  was  some  arrangement  in  Arnold's  test, 
whereby  a  uniform  pressure  was  obtained  independent  of  volume.  If, 
for  example,  the  pressure  were  exerted  against  a  spring,  it  would 
always  be  the  same,  and  the  briquette  subjected  to  the  same  pressure. 
He  couhl  easily  imagine  some  little  adaptation  for  measuring  pressure 
which  would  overcome  the  difficulty  mentioned. 

Mr.  Dodwell  said  the  result  of  the  method  of  compressing  a  Mr.  Dodweii. 
briquette  into  a  certain  size  would  favour  a  light  and  a  finely 
ground  cement.  A  higher  tensile  strength  would  be  obtained  with  a 
fine  rather  than  with  a  coarse  cement.  The  more  a  cement  was  com- 
pressed into  a  briquette  the  greater  would  be  the  tensile  strength  re- 
Baiting. 

Mr.  Reid  did  not  agree  with  this.     When  cement  was  in  rougher  Mr.  Reid. 
particles    it  possessed  some  solidity,  and  when   it   was  pressed  in  by 
the  mechanical    process  mentioned  there  was  a  tendency  to  give  it  a 
uniform  density. 

Mr.  Blackwell  considered  the  machine  would  insure  the  briquette  Mr.  Biackweii 
being  filled  at  a  certain  pressure. 

Mr.  Gower  said  it  also  insured  the  pressure   being  distributed  all  .Mr.  Gower. 
over  the  briquette,  which  was  not    accomplished  by  the   use  of  the 
trowel.  If  it  was  required  to  increase  the  tensile  strength  per  square 
inch,  hammering  was  resorted  to,    and   the  more  it  was  hammered 
the  greater  the  result  obtaiued. 

Professor  McLeod  mentioned  another  objection  to  this  method  Prof-  -McLeod. 
of  testing.  He  thought  that  material  should  be  tested  as  far  as  pos- 
sible under  conditions  similar  to  that  under  which  it  was  going  to  be 
used.  It  did  not  seem  to  him  that  this  was  a  condition  similar  to 
that  under  which  the  cement  would  be  used ;  the  old  method  of 
testing  was  more  in  acordance  with  what  the  cement  would  be  called 
upon  to  do  in  actual  work. 

Mr.  McLea  Walbank  did  not  understand  what  the  method  was  of M*  ^aibank. 
testing  the  special  brands  of  cement  for  comparison  ;  but  in  his  opin- 
ion cement  should  be  tested  barrel  by  barrel  as  used.  Mr.  Reid's  test 
would  be  a  fair  one,  because  the  same  brand  would  in  nearly  every 
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case  be  used  throughout  the  works,  and  the  consistency  or  specific 
gravity  would  be  'practically  the  same.  It  would  be  cumbrous  to 
transport  a  testing  machine  as  large  as  six  feet  scpuare. 

Mr.  Irwin.  Mr.   Irwin   understood  Mr.    Eeid's    method  was  for  getting  the 

cement  into  shape,  and  not  with  regard  to  the  form  of  the  testing 
machine. 

Mr.  Waibank,       Mr.   Walbank  considered  that  every  barrel  should  be  tested. 

Mr.  Gower.  Mr.  Grower  observed   that  to   do  this  with   a  7  days' test  all  the 

shipment  would  be  used  up  before  obtaining  the  result.  He  said 
that  teste  of  Thorold  cement  gave  42  lbs.  6  days  in  water,  85  lbs.  in 
30  days. 

Mr.  Dodwell.  Mr.  Dodwell  said  the  tests  recorded  in  the  paper  and  in  the  dis- 
cussion varied  very  much,  from  39  lbs.  to  90  and  135  lbs.  He  consi- 
dered cement  that  varied  so  widely  to  be  unreliable. 

Mr.  Irwin.  Mr.  Irwin  said  his  experience  with   Thorold  cement  was  that   it 

contained  an  excess  of  lime. 

Mr.  Hopkin?.  ]\[r  Hopkins  stated  that  he  had  seen  cement  used  in  very  cold 
weather  on  bridge  masonry,  the  low  temperature  making  no  difference 
so  long  as  the  cement  did  not  thaw  out. 

Mr.  Dodwell.  Mr>  Dodwell  observed  that  he  had  often  used  Portland  cement 
for  masonry,  when  the  temperature  was  10°  below  zero  Fahr.,  the 
cement  and  the  joints  proving  as  hard  as  if  laid  in  summer.  If  it 
should  thaw  before  setting  then  the  cement  would  be  impaired. 

Mr.  Walbank.  Mr.  Walbank  said  he  had  used  Portland  cement  at  the  Grande 
Mare  Falls  on  the  St.  Maurice  river  at  20°  below  zero  Fahr.  There 
was  a  very  heavy  wall  over  20  ft.  wide  at  base  to  dam  a  40  ft.  head 
of  water,  and  they  built  it  in  a  hurry  during  the  winter.  Portland 
cement  was  used,  the  sand  used  with  the  cement  was  heated,  and  a 
little  salt  was  put  into  the  water  used  in  mixing  the  cement.  Expe- 
riments showed  that  alternate  freezing  and  thawing  did  not  produce 
any  appreciable  effect. 

Mr.  Dodwell.        jfr    Dodwell  considered  there  was  not  enough  known  about  the 
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action  of  frost  upon  cements.  He  had  noticed  but  few  instances  of 
failure  of  cement  owing  to  frost.  He  did  not  refer  to  "  face  "  work. 
The  question  of  Canadian  cements  was  one  worthy  of  discussion.  If 
cement  couil  be  made  here  it  should  be  manufactured  and  used.  All 
the  material  was  here,  and  it  only  required  men  who  understood 
manufacturing  it.  He  thought  that  as  a  rule  natural  cements  were 
poor  substitutes  for  artificial  cements,  as  they  could  not  be  guaran- 
teed, aud  their  reliability  could  only  be  ensured  by  frequent  tests. 

Mr.  St.  Ghorge  observed  with  regard  to  Canadian  cennnts,  that  it  Mr.  St.  George, 
had  been  mentioned  by  the  author  that  their  strength  increased  with 
age,  while  Portland  cement,  it  was  stated,  deteriorated.  He  had 
prepared  a  table  giving  particulars  of  tests  for  one  year  of  different 
brands  of  cemant,  (see  page  110),  which  the  Quebec  Government  had 
embodied,  with  a  report  on  cements,  in  the  Annual  Report  of  the 
Minister  of  Public  Works. 

A  German,  whose  name  he  had  forgotten,  had  gone  thoroughly 
into  this  question,  and  had  made  one  series  of  tests  altogether  in  water 
and  another  series  altogether  in  air,  differing  from  the  English  practice 
of  testing  cement  by  first  allowing  it  to  set  for  24  hours  and  then  put- 
ting it  into  water.  The  speaker  had  experience  with  many  brands 
of  cement. — English,  German  and  Canadian, — and  after  a  test  of 
7  days  (one  in  water)  with  pure  cement  he  found  that  the  Grerman 
(Dyckerhoff)  cement  had  a  tensile  strength  of  445  lbs.  per  square  inch. 
Some  of  the  English  cement  (Johnson's)  reached  330  lbs.  Of  the 
Canadian  cements,  the  Quebec  stood  the  highest,  being  110  lbs., 
Thorold  80  lbs.,  Napanee  65  lbs.,  and  Hull  50  lbs.,  all  mixed  neat. 
With  one  of  cement  and  one  of  sand  the  German  reached  220  lbs., 
Johnson's  130  lbs.,  Quebec  35  lbs.,  Thorold  30  lbs.  The  Napanee 
showed  no  result.  With  one  of  cement  to  two  of  sand  there  was  a 
gradual  decline,  the  Grerman  showing  110,  Johnson's  (Knglish  Port- 
land) 60,  Quebec  20,  Thorold,  Napanee  and  Hull  no  result. 

Referring  to  the  7  days'  test,  24  hours  in  air  and  6  days  in  water, 
the  speaker  remarked  that  Johnson's  (neat)  showed  260  lbs.,  the 
Quebec  no  result  at  all,  and  the  Thorold  40  lbs. ;  and  with  equal 
parts  of  cement  and  sand  there  was  no  result  with  Canadian  cements. 
The  other  results  gradually  lowered,  180  lbs.  for  the  Grerman  down 
to  90  lbs.  for  Johnson's  Portland  with  a  30  days'  test. 

The  author  of  the  paper  had  stated  that  foreign  cements  did  not 
improve  with  age,  but  the  speaker  found  that  the  German  ran  up  to 
520  as  against  460,  and  taking  the  English  cements, — Johnson's  or 


110  Discussion  on  Manufacture  of  Natural  Cement. 


t? 

0  » 

0 

CiSU 

•  «n 

0  cm' 

00 

»ft  00  CC  UO 

•  UO  CC 

cu 

Owjg 

■* 

t-  1—1  0 

•  CM 

US  —1 

■* 

XN-*t- 

.  CC'  CO 

a 

P 

*S* 

CM 

1— 1  CM  ■— 1 

•  1—1 

1-1  ^H 

1-1 

'->'-''-' 

J 

U: 

"Si 

0  - 

£*» 

0 

oc  0  0 

•  C5 

0  CO 

0 

<ZZ  O  LO  -_c 

•  LO   CCC 

s 

0 

CO  CO  X 

.  X 

>fl   EC 

t~ 

t-  i—i  —  1  Q 

•  CM  CS 

co 

EH  Oj 

re 

CM   CO  CM 

•    r— 

CM  CM 

CM 

•—1  CM  CM  CM 

•  1—1  ,—1 

CO 

>> 

e? 

0 

Q 

43 

-    0    DD 
<H  (33  1 — 1 

»o 

0  c  LO 

r  cm 

0  0 

0 

LO  X  X   0 

I  X    >0 

'to 

o 

X 

:-.  zz  x 

•  — 

LO!  OO 

LO 

1-  CO  CO  CM 

•  VC   i0 

B 

o 

00 

•a  r—  ue 

•  CO 

'-:  uo 

Tf 

C"    lO    LO   LO 

•  CM  •—< 

- 

O 

as 

O     „ 

X&  4. 

0 

0  0  G 

X  O  iO 

cz> 

0000 

•  LO   O 

•5 

>> 

«5  1— 1  CM 

•  c^ 

i~  c;  — '  lo 

-  x  tc 

~ 

CO 

— 1  CM  — 

Os 

p 

rt 

0 

c 

~  s'  -; 

LO 

10  c:  lo 

•  0 

"  0  Ifl 

0 

000s 

•   S   '0 

•5 

H 

~-~M 

— 

CC  iM  C. 

CO  t^  ^— 

•>* 

CI    C   X  ^ 

•  CI  1- 

<H     C      •- 

CM  CO  — 

CM  ^h  CM 

CM 

r- 1  CM  ■— 1  CM 

CO 

°rt"^ 

^J 

c3 

P 

w     - 

;■    -    '■ 
&|3 

^ 

cc  '-.  e 

^  0 

1  ~  0  0 

X 

•  0  •  0  00 

•  t—  0 

'OJ 

LO 

•  ^ 

—   Z~.  CI 

x  t-  0  ec 

•  x  ci 

o> 

o 

00 

—  '-C  -r 

•  '"- 

O  ro  tJ- 

"~ 

C-l    —   LO   ^* 

.  rH  rH 

> 

O 

I 

—  B0     • 

0 

O  CM 

•  0 

•       •   X 

CM 

x  —  .0 

.■  00 

>> 

<~    C      ^ 

0 

X  — 

•  X 

•       •  CJ 

•^  •_:  r^ 

CM 

P 
H 

i-> 

0  . 

lo 

CO  c 

:  0 

"    '•  0 

:- 

occ: 

I  0  0 

"^ 

X 

X  •> 

•    •  0 

t- 

Ci  .0    -C 

•  ^-  0 

V 

CM 

CM  1— 

•      -CM 

3: 

c  _  — 

•" 

>. 

~ 

-^ 

P 

■f 

CS  L0 

•  te 

'•      ■   --Z 

'0 

000 

•  X   X 

3 

rt  i  * 

I  R     - 

X 

CC  — 

•  -* 

.      .  o> 

as 

O  OS  0 

•  "-C   c 

0 

1- 

0  Tt 

•  CO 

;  •  ** 

CO 

CM  CO  "* 

re 

Y-- 

as 

O 

CO 

c3 

O    - 

0/ 

woj 

„: 

lo 

■  l~ 

•  0 

,-  -- 

iQionc    •    •—    .    .  % 

'_ 

£ 

s- 

CI 

•  -r 

>-0   t~ 

lo  ci  .ci-     •     •  cc     •     .  5; 

li 

^j 

rH 

c 

O       fc 

.    .        .  —  0 

CO 

*"  93     • 

0  0 

M 

•'  O 

'•  10 

0  0 

CC    '0     O    LO          •          •    O           •       r-    L7- 

HC5CC      •      •   —       ■    ~ 

-<_   - 

X  1- 

r~ 

•  \ — 1 

•  OS 

cs  r- 

3 

— '          '■'H       •      JH      ■    jj 

/. 

"     •           I   ^ 

c9 

>> 

<A 

■f. 

+J 

.      .            .3 

P 

cc  — 

iO 

•  O 

'•  0 

0  0 

-_C-^;^-CO      •      -CM      -^^t 

zi 

-  -  £ 

t—  CO 

•  <35 

O  c^ 

CD 

t- 

-   =  - ; 

CM 

•  CM 

•  CM 

CM  CO 

CM  CM  CM  CO      •      •  CC 

O 

as 

a" 

l^i 

~  -r      • 

cr  —  X  —  — 

X         I 

c  0  "  c  r:  c  c  0  0  c  1*  c  ia  c  c  0  0  ^  0  " 

—  c  c:  — '  c 

X  —  ~.  S-OrtOO^'iO'OOtSt-CC'*    i.ci    3^u 

P 

0  ."  — 

— '  ,_l  *""  r~l 

^                 £     ^"E^ 

3 

0) 

CS                      CO     3. 

CC 

0/ 

CO 

+»co   • 

SOiOOC 

cr  io  0  co  0 ■  t—  «o  0  0  0  co  0  co  0  10  0  0  co  oc  :o    ~    ? 

01 

§o3 

CM  1 —  CO     ^    — 

— .  CM   —  CO  —•  I—  t 1-    X    —  C-l  CO  ~-  CM  \Z  CO     _  CO  CO    ~    " 

■-•  •->  <-*  —•  — ■  •""'        — •  -1        ■— •  ■— ■  — '        — '        —'(4.              CO 

525       £2; 

NNNMr- 

■5 

p 

c— 

0 

Os   . 

0  O  CO  0  c; 

<csLSO^^~oir;oo>i50ia»ooooooooo  — 

i  -  — 

"t   Tf    —    —    C 

t  c  c  r  :■:  ^  M  c  c  c:  r.  1-  -c  -f  •)■  "  -r  1-  m  x  0  0 

o> 

£~ 

■*  ■>*  CO  CO  co 

COCOCOCMCOCOCOCOCOr— iCMCMCMCMCMCOCOCM^— 

to 
S3 

y  l 

■— 

01 

Tl      ■ 

^   ! 

0   •  to   .   .   . 

09 

- 

C 

c 
0 

0  s 

CS     '^ 
^     7 

Ec 

C 

a 
■j 

t 
C 

N 

— 
a 
t 
> 

to   — 

^   O  tr 

~    -  — 
a>  0  Q- 

c 

3 

to  a 

■=.S  — 

-/ 

■SjgJS  :  :; 

.— 

as 

C-l 

-i 

V5  i 

c 

c 
^c 

5 

CO 

* 

•D 

8l 

9.10^ 

qe 

l)Ug 

QBipBUB^ 

) 

Discussion  on  Manufacture  of  Natural  Cement.       Ill 

White's, — they  went  up  in  the  same  manner.  The  Quebec  cement 
neat  increased  from  110  to  170,  the  Thorold  being  only  82  lbs. 

With  one  of  cement  to  one  of  sand  they  had  also  all  increased, 
the  Quebec  with  only  48  lbs.  increased  after  30  days  to  110  lbs. 
With  the  test  of  60  days  it  was  found  German  cement  reached  850  lbs. 
(neat),  the  Quebec  increasing  after  30  days  170  lbs.  to  185  lbs.,  a 
gradual  increase  ;  but  when  the  natural  cements  were  mixed  with 
sand  they  did  not  stand  at  all  except  after  60  days,  the  Canadian 
cements  taking  a  long  time  to  set. 

Cements  were  made  for  a  certain  purpose,  viz.,  to  enable  works  to 
be  constructed  in  as  short  a  time  as  possible.  The  Craig  street  sewer, 
Montreal,  built  in  1840,  with  plain  lime,  was  taken  out  in  1885,  when 
the  mortar  and  brickwork  were  a  solid  mass.  He  desired  to  state  as 
his  experience  that  artificial  cements  improved  and  did  not  deteriorate 
by  age,  as  Mr.  Butler's  paper  describes. 

Mr.  J.    Kennedy   observed  that  the  paper  mentioned  the  time  as  Mr.  Kennedy. 
after  three  or  four  years. 

Mr.  St.  George  thought  that  if  60  days'  test  showed  that  the  artifi-  Mr.  St.  George, 
cial  cements  increase  in  the  ratio  stated,  it  was  not  probable  that  they 
were  going  to  fail.  This  was  not  the  case  in  any  works  he  had  seen, 
nor  did  he  think  Mr.  Kennedy  had  ever  had  such  experience  with 
Portland  cements.  White's  cement  (Portland)  pure  showed,  with  a 
test  of  7  days  in  air,  a  tensile  strength  of  280  lbs. 

The  figures  tabulated  were  the  highest  that  could  be  obtained 
here,  and  the  Quebec  test  of  some  hundred  samples  gave  results  very 
near  the  figures. 

Mr.  K.  W.  Blackwell  said  that  some  of  the  table  books  gave  results  Mr.  Biackweii. 
as  high  as  1200  lbs. 

Mr.  Kennedy    asked  Mr.  St.  George   how  it  was   known    that   the  Mr.  Kennedy, 
mortar    in  the  old  Craig    street  sewer  was  common  lime,  because  at 
that  time  Canadian  cement  was  generally  well  known.   His  recollection 
made  it  difficult  to  tell  whether  the  mortar  was  made  from    natural 
Canadian  cement  or  common  lime. 

Mr.  St.  George  replied  that  when  the  Craig  street  sewer  was  broken  Mr.  St.  George, 
down,  the  mortar  was  quite  white  and   colorless.     In  those  days   in 
Montreal  lime  was  slacked  a  long  time  in  advance  of  being  used,  as  is 
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now  done  in  Germany,  where  lime  is  slacked  in  large  vats  and  sold 
according  to  its  age. 

With  regard  to  high  tensile  strength  of  cements,  he  found  that  in 
Belgium,  in  order  to  obtain  these  results,  the  water  was  extracted 
from  them.  In  that  way  a  higher  tensile  strength  could  be  obtained, 
but  tests  should  be  made  under  circumstances  similar  to  those  under 
which  it  was  to  be  used.  In  his  opinion  the  best  way  to  make  a 
test  so  as  to  obtain  the  actual  quality  of  the  cement  was  not  only  to 
take  the  pure  cement,  but  to  mix  it  with  sand,  one  to  one  and  two 
to  two.  It  had  been  seen  that  some  cements  could  not  stand  sand 
at  all,  and  that  although  good  when  pure,  they  would  not  work  with 
sand.  The  crushing  of  the  cement  was  another  important  factor. 
At  some  factories  he  had  seen  cement  come  from  the  kilns  quite  black. 
Such  had  not  been  properly  burnt,  and  should  be  raked  on  one  side, 
recrushed  and  reburnt.  Last  year  he  had  experience  with  a  good 
brand  of  imported  artificial  cement.  It  did  not  set  well,  and  whilst 
in  that  state  spewed  up  a  black  oily  substance  with  a  scum  on  the 
top,  and  under  the  scum  (  i  of  an  inch  thick)  it  was  quite  soft  and 
had  not  set  at  all  ;  this  was  owing  to  not  being  properly  burnt. 
.Robin's  cement  was  good,  but  the  charges  were  from  5  to  8  per  cent, 
higher  than  for  any  other  make. 

Mr.  Kuttan.  Mr.  Ruttan  said  he  was  glad  to  see  from  the  paper  that  there  was  a 

prospect  of  their  having  a  good  Canadian  cement,  that  makers  of 
these  cements  had  pressed  their  use  with  engineers,  and  the  latter  had 
been  censured  by  the  makers  for  not  using  them.  But  the  fact  was, 
experience  had  proved  that  Canadian  cement  was  not  satisfactory. 
The  chemical  constituents  of  the  cement  were  said  to  be  all  that  is 
required,  and  if  this  were  so  he  was  led  to  believe  that  the  fault  must 
be  in  the  manufacture.  He  thought  the  sooner  Canadian  manufac- 
turers were  brought  to  realize  the  fact  that  their  cement  was  not  what 
is  required,  the  sooner  they  would  endeavour  to  improve.  The  quality 
of  cement  was  not  a  matter  of  opinion,  but  the  result  of  tests. 
Engineers  would  be  glad  to  use  the  native  cements  if  they  came  up  to 
requirements.  Canadian  cements  are  cheaper  than  the  imported 
cements,  and  he  thought  that  there  would  be  no  greater  demand  for 
the  former  until  the  quality  equalled  that  of  the  latter. 

Mr.  St.  George.  Mr.  St.  George  stated  that  there  was  a  cement  he  had  omitted  to 
mention,  manufactured  at  Point  Claire.  He  had  not  yet  tested  it, 
but  lie  had  given  Mr.  Reid's  (the  manager)  laboratory  test  in  the 
table. 
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Mr.  Ruttan  said  it  might  interest  the  members  to  know  that  within  Mr.  Ruttan 
the  last  year  a  natural  cement  manufactory  ha<l  been  established  in 
Manitoba.     No  practical  test  had  yet  been  made,  but  the  laboratory 
,  tests  were  said  to  be  very  good. 

Mr.  F.  B.  Came  asked  if  the  tests  of  the  Hull  cement   were  made  Mr.  came, 
recently  or  some  time  ago  ? 

Mr.  St.  George  replied  they  were  made  in  1889.  Mr.  St.  Georg«. 

Mr.   Came   said  the  Hull  manufacturers  claimed   to   have    made  Mr.  Came, 
recent  improvements  in  their  cement. 

Mr.  St.  George  said  he  was  of  opinion  it  could  be  improved  by  proper  Mr.  St.  Georg*. 
mixing,  burning  and  crushing,  and  also  by  keeping  it  dry  when  made. 

Prom  a  diagram,  showing  results  of  Cement  Tests,  exhibited  by  Mr. 
St.  George,  Plate  VI  has  been  prepared. 


COBBESPONDENCE. 

Mr.MacdougaU  ]\jr  Alan  Macdougall  said  that  the  paper  dealt  with  a  valuable  native 
industry.  It  was  to  be  regretted  that  in  the  early  efforts  to  manufacture 
this  cement  more  care  had  not  been  taken  in  selecting  the  rock.  Mr. 
Butler  brings  this  out  in  his  paper  ;  the  result  has  been  that  the 
industry  has  suffered.  The  cement  is  well  ground,  as  the  samples 
produced  by  Mr.  Bust  show,  and  with  age  the  test  results  are  good. 
It  is  a  slow  setting  cement.  The  speaker  believed  there  was  a  market 
for  it  in  the  province.  He  hoped  the  present  management  would 
exercise  prudence,  and  not  try  to  place  it  on  the  market  till  they  had 
satisfied  themselves  as  to  the  quality  of  the  rock,  and  had  brought  the 
manufacture  of  the  cement  to  a  sufficient  stage  of  perfection  to 
produce  a  reliable  article. 

Mr.  Gauvroau.  ]\jr  £,.  P.  Gauvreau  of  Quebec  said  that  the  only  natural  cement  of 
Quebec  is  manufactured  from  the  black  stone  adjacent  to  the  city. 
The  method  of  burning  and  grinding  this  cement  is  similar  to  that 
used  for  other  natural  cements.  The  analysis  of  the  stone  made  by 
Mr.  Delesse,  one  of  the  jurors  of  the  Paris  International  Exhibition, 
1855,  was:  — 

Water  and  carbonic  acid 52.49 

Magnesia  traces 

Silica 27.40 

Alumina  and  oxide  of  irou 12.16 

Sulphate  of  lime 7.95 

100.00 

He  stated  that  Quebec  cement  has  been  largely  used  for  public  and 
other  works  in  Canada,  and  with  satisfactory  results. 

Mr.  Kvans.  Mr.  E.  A.  Evans  said  Mr.  Butler's  paper  suggests  the  question  :   Are 

the  natural  equal  in  quality  to  the  best  Portland  or  artificial  cements  ? 
In  the  speaker's  opinion,  all  quick  setting  and  other  natural  cements  are 
Considerably  inferior  to  the  slow  setting  Portland  and  other  artificial 
cements.  Are  they  then  so  inferior  as  to  be  entirely  condemned  for 
use  on  all  public  works  ?    He  believed  not  (at  any  rate  for  works  above 
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ground),  provided  that  the  bulk  supplied  is  equal  to  the  approved 
Bamp.le.  Here  is  the  difficulty  in  the  way  of  the  general  use  of  the 
Canadian  cements,  viz.,  their  varying  quality — utterly  bad,  inferior 
and  fairly  good  cement,  all  being  supplied  by  the  same  manufacturer 
as  first  class  hydraulic  cement.  Mr.  Butler  admits  that  it  is  not  at  all 
a  simpl  ■  matter  to  quickly  and  satisfactorily  test  the  quality  of  cement, 
and  until  some  better  and  more  practical  method  of  testing  than  at 
at  available  is  devised,  Canadian  cements  cannot  be  recommended 
iv  foundation  or  hydraulic  works.  He  did  not  admit  that  the 
oem  :nts  showing  a  high  tensile  strength  grow  inferior  with  age,  crack 
and  peel  off,  as  stated  by  Mr.  Butler,  but  that  in  his  experience  such 
failures  refer  only,  in  certain  instances,  to  surface  work  generally 
imperfectly  done. 

Mr.  H.  H.  Killaly  said  that  previous  to  last  August,  Napanee  Mr.  Kiliaiy. 
eement  had  not  been  used  upon  any  of  the  works  under  his  charge  ; 
that  rec  ntly  a  sunll  quantity  of  this  cement  was  used  at  Lock  21  on 
the  Cornwall  Canal  enlargement ;  that  for  concrete  it  was  very  slow 
in  setting,  and  for  this  reason  its  us3  was  discontinued  ;  that  subse- 
quently Napanee  cement  was  used  in  building  some  of  the  masonry  of 
the  same  Lock  ;  but  that  he  was  not  then  able  to  say  how  this  cement 
had  behaved  when  used  for  concrete. 

31  r.  C.  H.  East  said  that  during  the  last  seven  years  he  had  frequent  Mr.  Rust, 
opportunities  of  testing  Canadian  cement  in  the  construction  of  sewers 
in  Toronto.  The  tests  were  all  made  with  a  Riehle"  testing  machine. 
The  results  so  far  with  Canadian  cement  have  not  been  satisfactory,  and 
owing  to  the  unreliability  of  these  cements,  the  use  of  both  Thorold 
and  Napanee  have  been  nearly  discontinued  in  favor  of  Portland, 
The  great  fault  of  the  Canadian  cements  is  their  tendency  to  "  blow." 
This  was  not  so  pronounced  in  the  Napanee  as  in  the  Thorold,  but  in 
tensile  strength  both  are  deficient.  He  considered  this  deficiency  largely 
due  to  the  fact  of  the  manufacturer  not  using  sufficient  care  in  selecting 
the  stone.  He  is  glad  to  see  that  Mr.  Butler  calls  attention  to  this 
important  feature.  He  stated  that  the  City  Engineering  Department  of 
Toronto  used  12,000  to  15,000  barrels  of  cement  annually  on  its 
sewers  alone.  It  will  be  seen  by  the  table  of  tests  on  pp.  116-1 17  that 
no  such  result  as  that  mentioned  by  Mr.  Butler  has  been  reached  with 
Napanee  cement,  the  highest  tensile  strength,  after  being  6  days  in 
water,  being  40  lbs.  per  square  inch.  He  considered  the  method  of 
making  tests  of  sample  briquettes  open   to  objections,  his  experience 
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being  a    much   lower  result   than    claimed    by    some  cement   agents 
According  to  his  experience  in   the  use  of  natural    Canadian  cements 
the  mortar  should  not  be  weaker  than  1  to  2. 


Tests  of  Napanee  Cement  made  in   City  Engineer's  Office, 
Toronto,  1886  to  1889. 

Tensile  strength  Pkoportions. 

per  sq.  inch. 


LYME 

IN  WATER 

1 

Year 

1 

it 

30 

Days 

6 

tt 

1 

Year 

30 

Days 

6 

Days 

6 

« 

15 
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28 

a 

500 

a 

150 

C( 

6 

it 

18 

tt 

G 

tt 

6 

tt 

6 

tt 

35 

" 

26 

it 

100 

a 

8 

(C 

5 

it 

150 

tt 

135 

it 

when  first  placed  in  water. 

Age  of  Briquette. 

190  Days 

289  " 

24  " 

400  " 

2  Yrs.  90  Dys. 

2  "    227    " 

3  " 

2  "     212  Dys. 

2  "     242     « 

2  "     242     " 

2  "     273     " 

170  Day.< 

1  Year 
1     " 
1     " 


180 

Neat 

200 

- 

76 

« 

40 

« 

150 

« 

25 

« 

188 

12 

18 

22 

53 

275 

130 

25 

40 

20 

10 

L0 

12 

50 

80 

6 

6 

113 

135 

from  a  batch,  the  re 
r. 

5t    Of    Wl 

lich    went  to  pieces 

March.  1890. 

Tensile 

strength 

Remarks. 

PER    SQ.    INCH. 

174  lbs. 

Sent  ft 

iin  Napanee  by 

E.  Bravender. 

636 

tt 

do 

120 

tt 

do 

222 

i  i 

do 

109 

a 

do 

151 

a 

do 

123 

a 

do 

151 

tt 

do 

150 

a 

do 

101 

a 

do 

140 

a 

do 

421 

it 

Sent  ft 

oni  Napanee  by 
Mr.  Terry 

275 

tt 

tt 

do 

297 

« 

Moti 

Ided  bv      do 

204 

« 

« 

do 
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THOROLD  CEMENT. 


TIME    KEPT     ]N    WATER  AVERAGE    STRENGTH 


6  Days 

30  " 

30  lbs. 
75  " 

100  " 

200  " 

Buffalo,  U.  S. 

6  Days 
30  « 

50  11  is. 
75  « 

100  " 

200  " 

Syracuse,  U.  S 

6  Days 
30  " 

200  lbs. 
400  " 

100  " 

446  " 

American  Portland 


Mr.  Gray  said  that  Mr.  Butler,  after  stating  that  the  cause  of  the  Mr.  Gray, 
failure  of  the  Napanee  cement  is  owing  to  the  mode  of  manufacture,  says 
that  under  his  instruction  and  advice  tests  were  made  of  the  several 
layers  of  the  quarry  by  graduating  the  intensity  of  the  heat  in  the  roasting 
or  burning.  It  appaars  to  him  that  this  is  just  the  reverse  of  what  is 
nece.-sary  to  obtain  the  qualities  for  a  good  cement.  He  considered 
that  the  proper  method  to  insure  a  good  cement  being  manufactured 
is  to  have  the  raw  material  of  stone  chemically  analyzed  before  being 
roasted  and  ground.  It  is  found  indispensabb  to  do  this  with  the 
raw  materials  of  iron  and  steel.  The  value  ol'  the  manufacture  depends 
more  oh  the  obtaining  and  selecting  of  the  raw  material  which 
contains  the  least  amount  of  deleterious  elements,  than  in  the  elimina- 
tion of  such  elements.  It  is  easy  to  understand  how  iron  and  other 
manufactures  would  suffer  if  their  make  depended  upon  the  very  scant 
knowledge  applied  to  the  manufacture  of  cements.  The  result  is  that 
the  contractor  or  engineer  receives  as  cement  a  substance  of  undeter- 
mined composition,  varying  in  quality  with  every  circumstance  of  its 
manufacture  and  every  condition  of  its  storage  and  preservation,  and 
from  this  by  the  addition  of  sand  water,  etc.,  he  must  compose  a 
material,  the  strength  of  which  he  is  to  determine,  although  every 
method  in  combining  the  ingredients  will  affect  the  results. 

Mr.  M.  J.  Butler  stated  in  reply  that  it  was  not  his  intention  in  the  Mr.  Butler, 
paper  to  convey  the  impression  that  good   Portland  was  inferior  to 
natural  cements.     An  instance  was  given  when  two  samples  of  an  arti- 
ficial cement  prepared  from  common  lime  and  clay,  without  regard 
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being  had  to  any  particular  proportion,  gave  on  short  time  test  a  high 
tensile  strength  which  they  afterwards  lost.  The  object  being  to 
record  a  mild  protest  against  the  present  tendency  of  calling  for  a  very 
high  tensile  strength  on  a  seven  days  test. 

Over-clayed  cements  set  quickly ;  hence,  if  specifications,  require  a 
high  tensile  strength  in  short  periods  of  time,  manufacturers  will  endea- 
vor to  comply  with  this  demand  by  every  means  available,  among 
which  are  over-claying,  the  addition  of  sugar  or  molasses,  and  extremely 
fine  grinding  (this  latter  being  doubtless  a  permanent  benefit).  The 
ultimate  effect  of  over-claying  cements  is  to  weaken  them.  Eliot  C. 
Clark,  M.  Am.  Soc.  C.  E.,  in  bis  paper  read  before  the  American 
Society  of  Civil  Engineers,  describes  a  new  brand  of  cement  which  was 
made  by  some  patent  process,  which  at  the  end  of  7  days  tested  neat 
184  pounds,  in  a  month  it  reached  267  pounds,  but  in  six  months  the 
briquette  fell  to  pieces.  He  also  makes  the  instructive  remark  that 
absolute  uniformity  in  breaking  need  not  be  looked  for,  as  he  expressed 
it,  "  the  sample  declined  to  break  by  formulae." 

Mr.  Hannaford  points  out  very  clearly  the  causes  that  have  led  to 
lack  of  uniformity  in  natural  cements.  That  cements  containing 
magnesia  are  best  for  sea  water  constructions  is  generally  admitted.  It 
does  not  seem  necessary  to  quote  from  the  various  recognized  authori- 
ties on  the  point.  The  proof  contains  an  analysis  of  Quebec  cement,  it 
is  thought  worth  while  to  point  out  the  fact  that  as  given  the  elements 
to  make  a  cement  are  not  present,  and  doubtless  there  is  an  error  in  the 
reading. 

Since  the  paper  was  prepared  the  writer  has  paid  particular  atten- 
tion to  the  examination  of  the  exposed  parts  of  old  works  laid  up  in 
Portland  cement.  The  pointing  being  usually  the  only  part  visible,  he 
has  not  yet  seen  one  place  where  it  has  not  been  cracked  and  where 
it  could  not  be  picked  out  by  a  little  effort.  The  cement  is  very  hard 
and  brittle,  and  would  under  tensile  test  doubtless  show  a  high  resis- 
tance to  breaking.     Under  water  the  cracks  do  not  appear. 

With  regard  to  the  remarks  of  Mr.  Killaly,  the  writer  is  informed 
that  Napanee  cement  was  delivered  to  the  works  at  Cornwall  under 
his  charge  about  two  years  ago,  that  all  of  the  concrete  has  been  made 
with  Napanee  cement,  tbat  the  bulk  of  the  masonry,  including  the 
pointing,  has  been  done  with  Napanee  cement,  and  that  the  work  is  in 
first  class  condition. 

Mr.  Rust's  table  of  test  samples  is  interesting,  the  date  given  by  the 
writer  is  based  on  about  200  samples,  and  that  given  by  Mr.  Bravender 
is  based  on  upwards  of  1,000  samples. 
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The  manner  of  preparing  the  briquette,  the  temperature  of  the  air 
and  water,  the  quantity  of  water  used,  and  the  method  of  treating  the 
briquette  after  and  before  filling,  are  all  factors  in  determining  the  final 
result,  and  but  emphasize  the  fact  that  a  uniform  method  is  most  desir- 
able. The  writer  begs  to  suggest  that  a  committee  of  the  Society  be 
appointed  for  the  purpose  of  recommending  a  uniform  system  of  testing 
and  to  prepare  a  specification  for  quality.  The  fact  is  that  natural 
cements  should  never  have  more  than  two  parts  sand  to  one  cement,  and 
in  important  work  one  and  one-half  sand  to  one  cement. 

Mr.  St.  George  is  mistaken  in  assuming  that  the  writer  claimed  that 
Portland  cements  deteriorate  with  age,  so  far  as  the  tensile  testing 
machine  would  show.  Under  water  there  is  no  doubt  that  they  are 
practically  everlasting  (so  far  as  our  knowledge  goes),  but  in  air  or 
sea  water  there  is,  to  say  the  least,  some  doubt  of  their  lasting  proper- 
ties. Common  lime  will  never  stand  in  water,  even  if  mixed  for  cen- 
turies, when  placed  in  water  it  will  go  to  pieces;  hence,  if  the  sewer  in 
question  has  stood,  the  lime  must  have  been  an  hydraulic  lime.  The 
quotation  from  Mr.  Clark  and  the  writer's  own  tests  show  that  even 
after  sixty  days  a  cement  may  fail,  and  fail  badly. 

Mr.  Gray  thinks  the  writer  erred  in  directing  the  cement  manufac- 
turers as  he  did;  if  so,  he  was  in  good  company.  It  is  precisely  the 
method  followed  in  all  of  the  natural  cement  works  in  the  world.  It  is 
the  method  advised  by  Gilmore  in  his  "  Limes,  Cements  and  Mortars." 

As  the  paper  shows,  frequent  chemical  analyses  were  made  both  of 
the  rock  and  of  the  cement,  for  the  chemists  are  by  no  means  agreed  on 
what  constitutes  a  first  class  cement,  and  it  is  only  by  practical  test  on 
a  large  scale  that  a  reliable  result  can  be  hoped  for.  The  chemical 
analysis  is  a  useful  guide  to  show  us  that  we  are  not  trying  to  work 
against  natural  laws,  but  no  laboratory  work  can  supersede  the  actual 
test  on  a  large  scale. 


Thursday,  27th  February, 

C.  E.  W.  Dodwell,  Member  of  Council,  in  the  Cbair. 

The  following  candidates  having  been  balloted  for  were  declared  duly 
elected  as  : — 

Members. 

Moses  Burpee,  Rodman  M.  Price, 

A.B.  Imshexick  Kondratovitsh,      James  Henry  Edward  Secretan, 

Nicholas  Krouglicoff,  Antoine  Zdziarski. 

Associate  Members. 

Williams  Burns,  James  Johnstone, 

Charles  D.  Maze. 

Associates. 

F.  W.  Cram,  J.  C.  Robertson, 

Alexander  Maclean,  Charles  E.  Saunderson, 

Jean  Zephirin  Resteer,  James  Traill  Shearer, 

Thomas  Tait. 

Student. 
Alfred  James  Stevens. 

The  following  were  transferred  from  the  class  of  Associate  Members 
to  that  of  Members  : — 

George  Herrick  Duggan,  James  Moore  Shanlt. 

The  following  were  transferred  from  the  class  of  Students  to  that 
of  Associate  Members: — 

James  Marmaduke  McCarthy,  Charles  Daniel  Sargent. 

The  following  was  transferred  from  the  class  of  Associate  Members 
to  that  of  Associates  : — 

George  R.  Hooper. 


The  discussion  of  Mr.  M.  J.  Butler's  paper  on  "The  Manufac- 
ture of  Natural  Cement  "  occupied  the  evening. 


Thursday,  13th  March. 
E.  P.  HANNAFORD,  Vice-President,  in  the  Chair. 

Paper  No.  40. 

COLUMNS.* 

By  Charles  F.  Findlay,  M.  Inst.  C.  E. 

In  the  whole  range  of  subjects  with  which  the  art  of  engineering  is 
concerned,  there  are  few  in  which  theory  has  contributed  less  to  the 
advance  of  intelligent  practice  than  in  this.  The  reason  cannot  be 
found  in  any  want  of  importance  in  the  subject  itself,  for,  of  the  mate- 
rials used  in  construction,  a  much  greater  part  is  used  in  compression 
than  in  tension,  and  a  very  considerable  part  is  used  in  the  form  of 
columns  or  struts.  Until  recently  the  experiments  on  compressive 
strength  were  very  few  in  number  and  narrow  in  range,  compared  with 
the  multitude  of  tensile  experiments  that  have  been  made.  Even  now, 
many  of  the  laboratories  with  expensive  and  elaborate  apparatus  for 
tensile  tests  have  no  means  of  making  compressive  tests.  Of  late  years, 
however,  American  experimenters  have  done  a  great  deal  to  remedy 
this  state  of  things,  among  whom  Mr.  Christie,  Mr.  Bouscaren,  and 
Messrs.  Clarke,  Rjeves  &  Co.  may  be  mentioned  in  particular. 

What  is  now  wanted  even  more  than  experiments,  is  a  theory  of  the 
subject  which  will  enable  us  to  interpret  their  results  in  a  general  way, 
and  also  to  indicate  the  kind  of  experiments  desirable.  We  shall  there- 
fore attempt  here  to  give  a  treatment  of  the  subject  somewhat  more 
rigourous  than  is  usually  found  in  text  books. 

A  column  differs  from  a  beam  or  girder  in  the  nature  of  the  forces  it 
is  intended  to  resist,  a  beam  being  used  to  resist  forces  transverse  to 
its  length,  a  column  to  resist  forces  directed  between  its  two  ends.  Of 
course,  the  same  material  may  be  used  to  resist  forces  of  both  kinds  at 
once,  but  for  the  sake  of  clearness  we  shall  neglect  transverse  forces 
altogether  in  treating  of  the  column.  The  leading  feature  in  the 
behaviour  of  a  loaded  column  is  that  it  bends,  the  deflection  constantly 

*  This  investigation  coincides  in  certain  parts  with  papers  by  Professors 
Ayrton  and  Perry,  in  the  Engineer  (London),  December  10th  and  24th, 
1886,  and  by  Professor  Krohn  in  the  Proc.  Am.  Soc.  C.E.,  1887. 
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increasing  with  the  load.  The  stress  which  might  at  first  be  almost 
uniformly  distributed  in  the  column,  becomes  thus  more  and  more 
unequal  at  the  outer  and  inner  edges  as  the  load  increases.  With  a 
tensile  stress  on  the  other  hand,  although  a  small  flexure  undoubtedly 
must  result  from  the  same  causes  that  give  rise  to  flexure  of  columns, 
the  direction  of  the  flexure  is  opposite,  and  therefore  tends  to  produce 
a  more  uniform  distribution  of  stress.  The  difference  between  the  two 
cases  may  be  illustrated  by  that  between  stable  and  unstable  equili- 
brium. 

The  equation  which  forms  the  basis  of  all  investigations  into  the 
flexure  of  beams  and  columns  is 

«         M  =  EI(r-U* 

where  M  —  moment  of  external  forces  at  a  cross  section  of  the  beam  or 
column,  whose  moment  of  inertia  about  an  axis  through  its  centre  of 
gravity  at  right  angles  to  the  plane  of  flexure  is  I ; 

R  =  radius  of  curvature  of  axis  of  beam  or  column  at  same  cross 
section  ,  and  R  0  =  initial  value  of  R  when  M  =  0  ; 

E  =  modulus  of  elasticity  of  material. 

By  the  axis  of  a  column  we  here  and  hereafter  mean  the  axis  of 
figure  and  not  the  neutral  axis  (which  for  columns  generally  lies  at  a 
considerable  distance  outside  the  column). 

It  will  be  well  here  to  call  attention  to  the  assumptions  on  which  (1) 
rests,  because  it  has  often  been  applied  to  circumstances  in  which  it 
is  not  true,  and  most  misleading  conclusions  have  been  drawn  in 
consequence.     Equation  (1)  supposes: 

First,  that  every  plane  section  of  the  beam  or  column  normal  to  the 
axis  in  the  unstrained  state  remains  plane  and  normal  to  the  axis 
throughout.  This  is  probably  approximately  true  for  homogeneous 
beams  or  columns  formed  out  of  one  mass  of  uniform  material,  as,  for 
instance,  a  log  of  timber,  a  cast  iron  column,  or  a  rolled  joist,  but  it  is 
very  doubtful  how  far  it  can  be  relied  on  for  a  framework  built  up  of  a 
number  of  separate  pieces. 

Secondly,  that  the  value  of  E  is  constant  throughout  the  cross  sec- 
tion.    This  is  approximately  true  in  most  cases,  and  it  can  be  shown 


FT 

"This  equation  is  usualljT  given  as  M  =  — -  ,  thus  assuming    the  initial 

R 

form  of  the  axis  to  be  a  straight  line.  For  a  beam,  although  the  assump- 
tion cannot  be  true  in  fact,  it  does  not  affect  the  distribution  of  stress  in  the 
beam.  With  a  column,  however,  the  correction  is  of  vital  importance,  as 
we  shall  see. 
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that  the  variations  of  E  occurring  in  practice  cannot  largely  affect  the 
Btrength  of  iron  columns,  though  some  writers  have  attached  an  Exag- 
gerated importance  to  this  point. 

Thirdly,  that  the  fibres  of  the  beam  or  column  are  all  strained  in 
accordance  with  Hooke's  Law.  As  soon  as  the  most  strained  fibres 
pass  the  limit  of  elasticity,  equation  (1)  ceases  to  express  the  condition 
of  equilibrium,  and  all  conclusions  based  on  it  cease  to  have  any  appli- 
cation. When  therefore,  as  is  sometimes  done,  a  comparison  is  made 
between  the  stress  in  the  extreme  fibres  of  a  beam  as  deduced  from 
equation  (1),  when  M  is  the  moment  causing  fracture,  and  the  direct 
tensile  stress  the  same  fibres  will  bear  in  a  testing  machine,  it  should 
cause  no  surprise  that  there  is  an  enormous  discrepancy.  Equation  (1) 
is  based  upon  a  supposed  distribution  of  stress  throughout  the  various 
parts  of  the  cross  section  which  is  utterly  wide  of  the  truth  when  the 
moment  of  flexure  is  such  as  to  cause  rupture.* 

Equation  (1)  being  the  equation  of  moments  at  any  section  of  a 
column,  we  have  also  an  equation  between  the  sum  of  the  applied  forces 
parallel  to  the  axis  and  the  sum  of  the  internal  stresses  at  the  same 
oross  section  which  will  be  found  to  be : 

(2)  p  =  Eyi  (  _—  _)  whence  by  (1)  yx  =  p  _ 

where  p  is  the  total  applied  force  per  unit  of  area  of  cross  section,  and 
yi  is  the  distance  of  the  neutral  axis  from  the  axis  of  figure  at  the 
same  section. 

In  order  to  determine  M  we  must  know  the  form  of  the  bent  column 
under  a  given  load,  and  in  order  to  ascertain  that,  equation  (1)  must 
be  solved.  Now  the  essential  difference  between  a  beam  and  a  column 
as  regards  this  solution  is,  that  for  a  beam  M  is  independent  of  the 
deflection,  while  for  a  column  it  depends  directly  on  the  deflection.  In 
other  words,  if  as  and  y  be  rectangular  co-ordinates  defining  the  position 
of  any  point  on  the  axis  of  the  column,  x  being  measured  parallel  to 
the  length  of  the  column,  M  is  for  beams  a  function  of  x  only,  while 
for  columns  it  is  a  function  of  y.  This  entirely  alters  the  character 
of  the  differential  equation  to  be  solved,  and  makes  it  quite  inadmis- 
sible to  assume,  as  is  frequently  done,  that  the  deflections  of  a  column 
will  be  governed  by  the  same  laws  as  are  deduced  from  equation 
(1)  for  beams. 

*For  a  full  discussion  of  the  question  of  the  relation  of  transverse  to 
direct  strength  of  iron,  v.  Etudes  sur  PEmploi  du  fer  et  de  1'acier,  by  M. 
Considere,  Paris,  1886. 
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Let  AQB  be  the  axis  of  a  column  bending  under  the  action  of  a 
load  P.  Take  AB  as  axis  of  x,  its  middle  point  0  as  origin,  and  let 
AB  =  I.     Since  the  equilibrium  of  the  column  as  a  whole  requires 


Y 


that  the  forces  acting  on  its  two  ends  should  be  reducible  to  two  equal  and 
opposite  forces  P,  let  the  line  of  action  of  these  forces  be  at  a  distance 
a  from  0  and  we  shall  suppose  it  parallel  to  AB,  because  it  is  found 
that  the  principal  effect  in  producing  flexure  is  due  to  the  mean  value 
of  the  eccentricities  of  the  loads  at  the  two  ends.  Of  course  a  is  small 
since  the  intention  is  supposed  to  be  to  load  the  column  so  far  as 
possible  centrally.  Let  a  be  the  cross  section  of  the  column  at  Q,  and 
let  pa  =  P.  Let  y0  be  the  initial  value  of  y  for  the  unstrained  column. 
We  shall  suppose  x0  =  x,  thereby  neglecting  the  elastic  shortening  of  the 

column.    Let  p  =  radius  of  gyration  at  Q,  =  y  _ 


then  since  —  =— % 
R      ax" 


similarly   _ 


111 

dx2 


and    since 


as    long    as    R    is    very    large 
M=?  — pa  (j/  +  a),  (1)  becomes 

write  for  brevity  k2  for  -±—2  and  suppose  k  to  be  constant  throughout 
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the  length  of  the  column,  i.e.,  suppose  the  column  to  be  uniform  in  sec- 
tion and  in  material. 

Then  ^L.  -  ^1>JL  =  -  k2  (y  +  «) 
dx2        dx* 

To  solve  this  equation  we  must  know  what  =-g-  is  in  terms  of  x,  or,  in 

other  words,  what  the  unstrained  form  of  the  axis  is.  It  being  sup" 
posed  that  the  column  is  initially  as  straight  as  the  ordinary  conditions 
of  manufacture  permit,  the  actual  form  of  the  axis  will  be  an  irregular 
curve  departing  very  little  from  the  line  AB.     We  shall  assume  that 

the  curve  is  the  curve  of  sines  y  0  =  tf0  cos  —  •    This  assumption  can 

be  justified  by  the  fact  that  the  curve, whatever  its  form,  can  be  expressed 
by  equating  y0  to  an  infinite  series  proceeding  by  sines   and  cosines 

of  multiples  of-y  of  which  ^0  cos   -s  may  be  considered  the  first  term. 

v  t 

If  this  be  done,  it  will  be  found  that  in  ordinary  cases  the  effect  of  the 
successive  terms  of  the  series  on  the  resulting  solution  rapidly  decreases. 

We  have  then  — •+£  =  -  60  jr  cos  -r 
dx2  l  <> 

,   d"-y  .  a  ,         i  ffZ  *x 

5?  =  -  k  (y  + a)  -  «*„  zt  cos  — 

The  solution  of  this  equation  with  the  conditions  that  y  =  o  when 


I 

=  _or 

2 

- 

i 

"2 

is: 

cos 

kx 

(3) 

y 

+  o 

=  a 

COS 

kl 

2 

TX 


l_i?i'    cos  — 

Before  proceeding  to  obtain  from  this  equation  the  stresses  in  the 
column,  it  will  be  well  briefly  to  point  out  the  relation  it  bears  to  the 
theory  of  flexure  given  in  most  text  books,  and  known  by  the  name  of 
Euler's  theory  from  the  name  of  its  author,  who  published  it  in  the 
middle  of  last  century.     In  that  theory  rf0  and  a  are  neglected,  so  that 

the  differential  equation  is  — ^=  — k2,y.     The  direct  solution  of  this 

dx2 
is  y  =  A  cos  kx  +  B  sin  kx,   and   the    terminal  conditions  require 
kl  =  n    and     B  =  o,    while     A     is    indeterminate.     In  other    words 

p  =  fl"2  E  (-)  *,  and  p  having  that  value  y  may  be  anything.  The  same 
result  may  be  deduced  from  (3),  for  if  a  and  «J0  vanish,  y  must  always  be 
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zero  except  when  kl  =  jr,  and  in  that  case  kl   is    an    lndetermi 

r  cos  — 

2 

nate  fraction  for  which  an  arbitrary  constant  A  may  be  substituted. 
This  theory  is  not  only  inconsistent  with  facts,  which  might  be 
expected  from  the  assumption  of  ideal  conditions  that  cannot  be  realizec 
in  practice,  but  in  the  form  given  above  (which  is  that  usually  published) 
it  evidently  contains  some  other  serious  error ;  for  while  it  is  quite 
conceivable  that  under  the  ideal  conditions  supposed,  no  flexure  can 
occur  until  p  reaches  a  certain  limit,  it  is  not  conceivable  that  the 
flexure,  when  it  does  occur,  should  be  independent  of  the  load,  so  that 
the  same  load  which  first  causes  flexure  will  bend  the  column  double. 
The  error  lies  in  neglecting  the  elastic  shortening  of  the  column.  In  the 
theory  here  given  this  is  permissible,  but  in  Euler's  theory,  a  and  60 
being  neglected,  a  different  order  of  small  quantities  is  dealt  with  and 
the  contraction  of  the  column  becomes  important.  If  this  be  taken 
into  account,  and  p  is  the  load  for  which  flexure  first  becomes  possible, 

or  tt2  E  (—  )      then  the  deflection  ^  for  a  given  load^>  per  sq.  in. 

greater  than^>i,  is  given  by 

p     'v'fl      > 

It  must  also  be  observed  that  although  by  Euler's  theory  flexure  can-  J 
not  take  place  until/*  reaches  the  value  p1}  it  does  not  follow  that  it 
will  then  occur.     For  every  value  of  p  greater  than  p1}  there  will  be 
two  positions  of  equilibrium  for  the  column,  one  straight  and  one  curved.    ! 
The  former  will  be  unstable,  and  the  chord  of  the  arc  of  the  bent  column 
will  be  shorter  than  the  straight  column  under  the  same  load  by  an 

amount     .,  -. 

The  difference  in  results  between  Euler's  theory  and  equation  (3)  is 
strikingly  shown  by  observing  that  if  either  a  or  <50  has  any  finite  value,  i 
however  small,  equation  (3)  shows  that  y  is  infinite  for  the  value 
kl=~,  where  Euler's  theory  first  allows  flexure  to  become  possible.  It 
should  also  be  observed  that  for  ordinary  proportions  of  columns px 
approaches  the  limit  of  elasticity  of  the  column,  so  that  at  ordinary 
working  loads  no  flexure  would  ever  occur  if  Euler's  theory  applied. 
For  instance,  with  wrought  iron  having  an  elastic  limit  of  12  tons,  the 
length  of  a  column  would  have  to  be  more  than  100  times  its  radius  o 
gyration  in  order  that  any  flexure  should  occur  with  a  load  of  12  tons 
per  sq.  in.,  and  400  times  to  bend  with  a  load  of  6  tons  per  sq.  in.  We 


• 
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have  given  so  much  space  to  Euler's  theory  only  because  it  has  been  so 
widely  spread  in  treatises  on  engineering  subjects  and  for  its  historical 
interest. 

We  will  now  return  to  equation  (3),  and,  before  going  further,  it  be- 
comes necessary  to  distinguish  between  the  various  ways  in  which  the 
ends  of  the  column  may  be  constrained  since  the  value  of  a  depends  upon 
the  nature  of  the  constraint. 

i.  The  ends  may  rest  in  hinges  in  which  the  friction  is  insufficient 
to  prevent  rotation.     In  this  a  is  independent  of  p. 

ii.  The  ends  may  be  rigidly  attached  to  fixed  objects,  in  which  case 
a  is  a  determinate  function  of  p.  (Flat-ended  columns  are  another 
variety  corresponding  mechanically  neither  with  i  nor  ii,  and  pre- 
senting great  elements  of  uncertainty.  As  it  does  not  represent  any 
column  used  in  practice  we  shall  not  consider  it  here.  The  same 
remarks  apply  to  round-ended  columns.) 

iii.  The  ends  may  be  rigidly  attached  to  objects  which  themselves 
change  in  position  as  the  load  varies.  This  is  a  very  common  case  and 
is  that  of  the  struts  of  a  rivetted  bridge,  but  we  shall  not  deal  with  it, 
as  it  would  require  a  very  lengthy  investigation.  We  only  call  atten- 
tion to  the  fact  that  the  conditions  vary  from  those  of  case  ii,  and  that 
a  rivetted  bridge  strut  has  in  consequence  less  strength  than  a  similar 
strut  whose  ends  are  really  fixed.  Not  only  does  it  endure  secondary 
stresses  arising  from  the  bending  moments  applied  to  its  ends  by  the 
booms  of  the  bridge,  but  its  axis  is  thereby  thrown  out  of  line,  by  which 
its  strength  is  impaired  for  bearing  the  direct  load.  We  can  refer 
students  who  wish  to  pursue  the  subject  (which  is  one  of  great  com- 
plexity) to  Dr. Winkler's  treatise,  "  Theorie  der  briicken,"  Vienna,  1886. 

Considering  case  i,  we  must  first  remark  that  a  hinged  strut  differs 
in  no  way  from  a  fixed-end  strut  so  long  as  the  friction  of  the  hinges  is 
below  its  limiting  value,  or  if  the  circumstances  are  such  that  the  flexure 
takes  place  in  some  other  plane  than  that  normal  to  the  axes  of  the 
hinges.  Presuming  that  rotation  of  the  hinges  actually  occurs,  let  h 
be  the  radius  of  the  hinge,  a0  the  distance  of  the  centre  of  the  hinge 
from  the  axis  of  the  column,  </>  the  angle  of  friction  ; 
then  n  =  «0  +_  h  sin  <j>,  where  the  sign  of  h  sin  <p  depends  on  the  values 
of«0  and  60j  the  direction  of  friction  being  always  opposite  to  the 
tendency  to  rotation  at  the  end.  For  iron  on  iron  without  lubrication 
sin  6  =  about  S8B,  and  h  sinp  will  usually  be  much  greater  than  ao. 

In  equation  (3)   it  is  permissible  to  expand  in  powers  of  Id  and 

neglect  the  higher  powers  because  kl  =-y  iL  and   must   always  be 
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small  for  such  values  of  p  as  would  constitute  a  safe  working  load. 
This  may  be  verified  by  calculating  the  values  of  y  direct  from  equa- 
tion (3)  for  certain  cases,  and  comparing  them  with  the  values  given 
by  the  approximation.     If  this  expansion  be  made,  we  obtain 

(4)    y+a  =  a  (l  +     —^)    COS  lex    +    6Q      (1+  _-  \     COS"j- 
_,  /a        rfo\ 

when  x =o,y  =  ^o  +h°-  I'  C  g  +^1 

.        .      v  n\2  (a      <50  \ 

so  that  the  central  deflection  is  M  -  )    1  5  +    i  J 

Let  r  be  the  distance  of  the  innermost  or  most  strained  fibres  of  the 
column  from  the  axis  and /the  stress  per  sq.  in.  in  them,  then,  so  long 
as  Hooke's  Law  holds,  the  mioment  of  resistance  of  the  column  may  be 

expressed  by  a- —  (f—p)  which  must  therefore  be  equal  to  ap  (y  f  a). 


Therefore     —    (f—p)  =p  (y  +  a)- 

/is  greatest  where  y  is  greatest,  i.e.  at  the  middle  of  the  column. 
Substitute  from    (4)   for  y  +  a  and  write  b  for    —  and    c    for 

f(s  +  *)-     ^  have  then  "-!    (/_,)_,    {ir+„.|(L)'} 

The  reason  for  introducing  r  into  the  values  of  b  and  c  is  that  «  and 
<5o  are  likely  to  vary  roughly  with  the  size  of  the  column.  We  have 
seen  that  the  principal  part  of  a  generally  will  arise  from  friction  and 
be  proportional  to  the  radius  of  the  hinge,  and  <*o  is  likely  to  increase 
with  the  length  of  the  column  with  respect  to  which  the  diameter  is 

generally  fixed.     At  any  rate  —  will  more  nearly  be  independent  of 

the  dimensions  of  any  particular  column  than  <50  simply. 

Rearranging  the  terms,  f=p  |  1+  (  —  )    [h    +=—   (—  )    )  \ 

This  is  a  quadratic  to  obtain  p  in  terms  of/  but  b  and  c  being  small, 

we  may,  as  a  first  approximation,  write  fforp  in  the  last  term  inside 

the  bracket,  the  error  so  committed  being  in  the  direction  of  safety,  and 

we  thus  obtain 

/ 
(5)  p  = 


<?)'{»  401 


Case  ii.  Fixed  ends. — Here  the  terminal  conditions  are  that  JL  when 

ax 
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1}  05  =  -  or —  -,  must  be  constant,  whatever  the  value  of  p  may  be.     If 

the  same  assumption  as  before  with  regard  to  the  initial  form  of  the 
axis  be  made,  these  conditions  give 
kl 

i      ~  *  hi 

TV2 

1  or  expanding  in  powers  of  kl  as  before  a  =  — "LI.  —  d0k2l2~ — — 

TV  Q    nZ 

The  maximum  bending  moment  is  in  this  case  at  the  end  of  the  column 

and  equal  to p  a.     Proceeding  as  before  to  equate^  «  to  JL_  (/  —  p) 

r 

I  we  obtain  a  result  of  exactly  the  same  form  as  (5),  but  in  this  case 

,       2    i„  60  12—^2   6  1      6o 

o  =  —  —   or    nearly    f  —  and    c     — =  nearly  —    _  . 

*     r  J     *   r  6tt«       r  J  87    r 

12  TV 

The  central  deflection  will  be  found  to  be      — — - —  6Qk2l2  or  nearly 

12  t2 

5.JL*    (JY 

40   °  E     \  P  J 

It  might,  however,  perhaps  be  a  fairer  assumption  for  a   fixed-end 
column  to    suppose  the  initial  form  of  the  axis  to  be  the  reversed 

curve  2/0  =  "o  (  1  -H  cos    Kx  J  ,  having  the  same  central  ordinate  rf0  but 

tangent  to  the  line  AB  at  both  ends.     On  this  assumption  a  will  be 

'5°    /  k2  I2  \ 

found  to  be  equal  to  -x  |  1  +  — — -  J 

and  the  equation  to  the  curve  of  the  axis  will  be 


y  =  —  I    1+  1      1  +  cos — = — 


7c   I2 
giving    a    central    deflection    due   to   the  load   of  <*0    _—  or  nearly 

°  °  47T'J 

L  p-  (-)•     The  relation  between/  and  p  is  of  the  form  of  (5)   as 
40  E  v-  p  i 

before,  only  that  now  fe  =  i—    and  c  =  - — - — —  =  nearly  _.  _ 

'        J  2  r  8  n2       r  80  r 

The  following  conclusions  may  be  drawn  from  the  investigation  which 
has  resulted  in  this  formula. 

First,  the  actual  strength  of  any  column  depends  partly  on  known 
facts  with  regard  to  its  dimensions,  material,  etc.,  and  partly  on  acci- 
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dental  circumstances  which  can  neither  be  predicted  nor  observed. 
This  is  true  in  some  measure  of  all  constructions,  but  with  columns 
these  accidental  circumstances  do  not  merely  require  corrections  in  the 
calculations  of  strength  that  would  otherwise  be  true,  but  are  governing 
factors  in  the  calculations  themselves.  It  follows  then  that  any 
formula  such  as  (5),  supposing  the  constants  determined,  should 
express,  not  the  strength  which  may  be  expected  from  a  particular 
column  of  certain  dimensions  and  material,  but  the  minimum  strength 
which  experiments  show  may  fairly  be  expected  with  ordinary  care  and 
skill  in  manufacture.  The  strength  of  a  number  of  columns  apparently 
alike  and  loaded  alike  may  be  expected  to  vary  widely  without 
apparent  cause,  and  a  formula  for  practical  use  should  express  the 
minimum  and  not  the  average  of  the  results  given  by  a  very  wide  and 
numerous  range  of  experiments. 

Second?}/,  experiments  on  the  crippling  or  destruction  of  columns 
cannot  be  expected  to  give  coherent  results  when  applied  to  the  deter- 
mination of  the  constants  in  any  formula  such  as  (5).  The  reasons 
for  this  have  been  fully  indicated  already.  The  constants  can  only 
properly  be  determined  by  experiments  within  the  limits  for  which  the 
column  is  perfectly  elastic,  and  unfortunately  very  few  experiments 
have  been  made  of  that  kind.  One  method  of  determining  the 
constants  would  be  to  measure  the  variations  of  deflection  for 
given   increments  of  load.     If  ^  be  the  increase  of  deflection  for  an 

increase  of  load  p,  we  have  for  a  hinged  column  6  =  cr  —    (— J 
and  b  =  nearly  9c. 

For  a  fixed-end  column  (on  the  second  hypothesis,  which  is  probably 

the  truer)  6  =  2cr  t  (1\    and  b  -40c. 
E  \  p  J 

Another  method  of  determining  b  and  c  is  to  observe  the  limit  of 
elasticity  of  the  column  as  a  whole  and  assume  that  this  corresponds 
with  the  stress  in  the  extreme  fibres,  /  being  the  limit  of  elasticity  of 
the  material  under  direct  stress.  In  Mr.  Christie's  experiments  (Proc. 
Am.  Soc.  C.  E.,  1884)  there  are  some  observations  which  enable  the 
first  method  to  be  applied.  In  Mr.  Bouscaren's  experiments  (Proc. 
Am.  Soc.  C.  E.,  1880)  are  some  which  enable  the  second  method  to  be 
applied.  Unfortunately  the  majority  of  experiments  are  made  on  flat- 
ended  columns,  and  no  deduction  can  be  made  for  our  present  purpose 
from  them. 

According  to  the  experiments  mentioned  above,  it  would  seem  safe 
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to  place  c  for  hinged  columns  at  .05,  and  b  at  45.  If  then  we  take  E 
to  be  13,500  tons  and  /(limit  of  elasticity  in  direct  stress)  15  tons, 
■which,  figures  would  apply  to  mild  steel,  and  if,  further,  we  allow  the 
working  load  to  be  half  the  elastic  load,  we  shall  have  as  the  working 
in  lbs.  per  sq.  in.  of  a  mild  steel  hinged  column 

16,800 

\  p  )    X  16,000  V  p  J    ) 

For  fixed-end  columns  it  would  seem  that  c  might  be  put  at  .0075 
and  b  at  .3.  and  the  safe  load  on  a  fixed-end  column  in  lbs.  per  sq.  in. 
would  then  be 

16,800 

These  determinations  cannot,  however,  be  recommended  with  any 
confidence  on  such  a  narrow  basis  of  experiment.  They  would  give 
higher  working  loads  for  long  columns  relatively  to  short  ones  than  the 
formulae  and  tables  now  in  use.  The  fact  that  they  disagree  with 
present  practice  we  do  not  regard  as  a  condemnation,  because  present 
practice  judges  of  the  strength  of  a  column  for  ordinary  working  loads 
solely  by  its  ultimate  strength,  which  we  regard  as  a  false  principle,  but 
at  the  same  time  so  radical  a  departure  as  is  now  advocated  could  not 
prudently  be  made  until  a  sufficient  experimental  basis  is  found  for  it 
as  well  as  full  theoretical  justification. 

The  method  chiefly  used  by  engineers  now  is  to  make  the  working 
load  a  definite  fraction  of  the  load  of  rupture  as  determined  by  experi- 
ments for  a  similar  section,  and  this  is  the  best  plan  available ;  but  it 
must  not  be  supposed  that  it  secures  anything  like  a  definite  limit  of 
working  stress  in  the  column.  The  term  "  crippling  load  "means  differ- 
ent things  with  different  experimenters.  "  Crippling"  occurs  in  various 
ways  with  different  columns,  and  the  ratio  of  the  crippling  load  to  the 
elastic  load  varies  very  greatly  with  different  proportions  of  columns. 
Further,  the  stress  in  the  innermost  fibres  of  a  column  at  its  point  of 
failure  is  not  the  ultimate  stress  of  the  fibres,  or  any  constant  amount 
whatever. 

Thirdly,  since  /  (or  more  strictly  p)  is  a  coefficient  of  (  —  }     in  the 

denominator  of  (5),  the  question  is  raised  as  to  whether  f  should  be 
made  the  elastic  limit  of  the  material  in  direct  compression,  and  the 
working  load  made  a  definite  fraction  of  the  value  of  p  so  derived  from 
(5),  or  whether /should  be  made  the  permissible  working  stress  in  the 
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extreme  fibres,  and  the  working  load  p  derived  directly  by  (5)  from  it. 
The  two  methods  would  give  different  working  loads  which  would  agree 

for  short  columns  and  diverge  more  and  more  as  (L  \    increased,  the  first 

method  giving  the  hi»her  load.  The  first  seems,  however,  the  more 
logical  plan,  and  has  been  followed  in  the  tentative  formulae  (6)  and  (7). 
By  it  the  working  load  is  made  a  definite  fraction  of  the  load  at  which 
the  column,  as  a  whole,  ceases  to  be  perfectly  elastic.  As  we  have 
before  said,  the  margin  between  this  elastic  limit  of  the  column  and  it 
failing  point  may  vary  enormously  for  different  proportions  of  columns. 

Fourthly,  comparing  hinged  and  fixed-end  columns,  we  see  that  the 
strength  of  hinged  columns  may  be  expected  to  be  much  more  variable 
even  than  that  of  those  with  fixed  ends,  because  it  depends  on  two  vari- 
able elements  a  and  6Q)  while  the  fixed  end  gets  rid  of  «.  For  a  hinged 
column  accurately  centered  a0  =  o,  and  a  =  +  h  sin  <f,  being  opposite 
in  sign  to  o0,  unless  the  hinge  were  very  small  indeed,  b  and  c  would 
then  be  negative.  The  meaning  of  this  is  that  the  friction  would  never 
rise  to  its  limiting  value,  and  the  column  would  behave  exactly  as  if  its 
ends  were  fixed.     The  moment  at  the  end  of  a  fixed  column  under  a 

load  p  is  nearly  p  JL  j  1+  J?      /_  \    I      and  while  p  is  within  the 

elastic  load,  the  moment  of  friction  in  a  hinge  of  ordinary  size  will  be 
greater  than  this.  Wben  p  reaches  such  a  magnitude  that  the  friction 
is  not  sufficient  to  resist  rotation,  we  may  expect  the  column  suddenly 
to  spring  into  a  new  position  of  equilibrium. 

We  see,  then,  that  according  to  formula  (5)  an  accurately  centered 
pinned  column  will  safely  bear  as  great  a  load  as  if  its  ends  were  fixed, 
and  would  be  much  weaker  if  it  rested  on  knife  edges.  It  is  possible, 
however,  that  in  structures  the  vibration  which  usually  accompanies 
increase  of  load  may  destroy  the  friction  to  a  great  extent,  and,  if  so, 
it  would  largely  diminish  the  strength  we  might  otherwise  allow  for  in 
pinned  columns  well  centered,  and  besides  that  a0  may  in  practice  have 
a  very  appreciable  value. 

The  above  conclusions,  which  are  strictly  deduced  from  our  investi- 
gation, agree  in  general  with  the  observations  made  by  Mr.  Christie  on 
his  experiments  referred  to  above. 

At  first  sight  it  might  seem  an  objection  to  formula  (5)  that  when 

—  becomes  very  small  p  does  not  approach  the  value  /  as  a  limit,  but 
a  definite  quantity  less  than/.     A  little  consideration,  however,  will 
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show  that  any  theory  which  takes  into  account  the  variations  from  ideal 
conditions  on  which  the  flexure  of  columns  really  depends  ought  to  give 
that  result.  It  must  be  remembered  that/ is  not  the  safe  load  per  sq. 
in.  on  a  short  column  uniformly  loaded,  but  the  stress  per  sq.  in.  in  the 
extreme  fibres,  and  this  will  always  be  greater  than  the  average  stress, 
except  under  the  ideal  conditions  of  a  and  <50  being  zero,  which  lead  to 
Buler's  theory. 

The  formulas  hitherto  used  to  express  the  strength  of  columns  have 
been  empirical,  that  is,  have  been  framed  so  as  to  agree  as  nearly  as 
Possible  with  the  results  of  experiments.  One  of  them  has  practically 
displaced  all  others,  and  is  known  as  Gordon's  formula,  having  been 
first  made  widely  known  by  Professor  Lewis  Gordon,  although  it  was 
put  forward  originally  by  Tredgold.  Using  the  same  symbols  as 
hitherto  it  is  as  follows  : 


1+e 


il7) 


[and  is  sometimes  given  in  a  less  correct  form  as  : 

1+C(~r) 

We  see  that  for  columns  of  similar  section  in  which     _  is  the  same 

P 

this  is  practically  the  same  formula  as  (5),  for  the  second  term  in  tha 
denominator  of  (5)  could  then  be  got  rid  of  by  using  a  different  value 

for  /,  viz. :  L ,  the  safe  load  per  square  inch  on  a  short  col- 

umn  of  the  section  in  question.  It  may  be  regarded  as  a  confirmation 
of  the  truth  of  the  principles  on  which  we  have  proceeded  that  we  have 
arrived  at  a  similar  formula  in  the  main  to  that  which  is  usually 
accepted  as  the  nearest  possible  expression  of  experimental  results. 
The  agreement  of  Gordon's  formula  with  experiments  on  the  destruc- 
tion of  columns  is,  however,  only  comparative,  and,  as  we  have  pointed 
out,  could  only  be  expected  to  be  so.     It  would  appear  a  priori  that 

the  introduction  of  (  -\     into  Gordon's  formula,    or   some   similar 

correction,  ought  to  be  an  improvement,  because,  of  two  sections 
having  an  equal  radius  of  gyration,  that  one  with  a  smaller  external 
diameter  would  have  a  higher  elastic  limit  per  square  inch.      The 
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results  of  experiments  also  have  shown  that  Gordon's  formula  requires 
a  different  value  of  c  for  different  sections  of  column. 

In  designing  a  column  it  is  clear  that,  according  to  formula  (5),  a 

A 

given  cross-section  A  will  give  the  greatest  strength  :  first,  when  —   is  as 

P* 
small  as  possible;  secondly,  when(  H\    is  as  small  as  possible.     We 

therefore  give  a  table  of  the  values  of  __  and    (  —)    for  some  simple 

P*  ^p' 

forms  of  cross-section. 


Form  of  Cross-section. 


1.  Solid  circular 

2.  Solid  square 

3.  do        do    

4.  Hollow  circular  (thin 

shell  of  radius  r  and 
thickness  d) 

5.  Hollow  square  (thin 
shell  of  side  2a  and 
thickness  d) 

6.  do  do         .... 

7.  Square,  side  2a,  in  ") 
winch  material  is  con-  [ 
centrated  in  the  four  f 
angular   points J 

8.  do  do  .... 

9.  Square,   side   2a,   in 
which  material  is  con- 
centrated   along    two 
opposite  sides  of  thick-  I 
ness  d J 

10.  do  do 


11. 


do 


do 


12.  Angle  bar,    side   a, 
(small)  thickness  d.. 


Plane  of  flexure. 

A 

(5V 

p 

Immaterial 

Bisecting  sides. . . 
Through  diagonal 

4rr 

or  12-5 
12 
12 

4 
3 
6 

2 

Bisecting  sides. .. 

96d2 
A 

3  A 

-  or  

2a2 

3 

2 

Through  diagonal 

96d2 
A 

or3A 
2a2 

3 

Bisecting  sides. . . 

A 
a2 

1 

Through  diagonal 

A 

a2 

2 

Bisecting    closed 

16* 
A 

A 

or  . 

a2 

1 

Bisecting    open 

48i2 
A 

3A 

or  — 

a? 

3 

Through  diagonal 

24rf2 
A 

or3A 
2a* 

3 

Through  root  of 

24A 

a2 

3 

Nos.  7  and  9  are  the  ultimate  forms  of  built  up  square  columns  with 
four  sides  latticed  and  with  two  plated  and  two  latticed  respectively. 
It  appears  doubtful,  as  was  said  before,  however,  how  far  the  flexure 
of  built  up  columns  can  be  expected  to  follow  the  same  laws  as  those 
of  solid  columns. 
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The  table  contradicts  common  impressions  in  one  or  two  respects. 
It  is  commonly  supposed  that  a  square  column  is  weakest  for  flexure 
in  a  plane  bisecting  its  sides,  but,  since  the  moment  of  inertia  of  the 
cross-section  is  the  same  for  all  axes,  the  moment  of  resistance  for  a 
given  curvature  will  be  the  same  for  all  planes  of  flexure,  and  acci- 
dental circumstances  will  determine  the  plane  in  which  flexure 
actually  occurs.       For  a  plane  through   a  diagonal  of  the  square, 

however,    (  —  )     is  twice  as  great  as  for  a  plane  bisecting  the  sides, 

and  therefore  the  diagonal  plane  is  the  one  in  which  the  column  would 
soonest  reach  its  limit  of  elasticity.  For  this  plane  a  solid  square 
column  is  therefore  weaker  than  a  solid  circular  column  of  equal  length 
and  weight,  while,  if  the  plane  of  flexure  bisecting  the  sides  of  the 
square  were  alone  regarded,  the  square  column  would  be  the  stronger, 
p  being  almost  the  same  for  both.  If  hollow  square  and  circular  shells 
be  compared,  similar  remarks  apply,  only  in  this  case  the  circle  has  the 
advantage  also  of  a  larger  radius  of  gyration  nearly  in  the  ratio  of 
ten-ninths.  If  square  columns  of  equal  length  and  weight  be  com- 
pared, in  which  the  material  is  in  the  first  case  distributed  in  a  uniform 
shell,  in  the  second  along  two  sides  of  the  square  only,  and  in  the  third 
concentrated  in  the  four  angular  points  only,  and  taking  for  each  case 

A 

the  most  unfavorable  plane  of  flexure  _   varies  in  the  three  cases  as 

3:6:2  and    (  —\    as  3 :  3  :  2,  showing  that  the  last  form  has  a  con- 


U) 


siderable  advantage  in  both  respects  over  the  others,  and  that  the  fully 
closed  square  is  more  economical  than  that  latticed  on  two  faces. 


DISCUSSION. 

Prof.  Coiiignon  Professor  Collignon  said  lie  did  not  propose  to  discuss  Mr.  Findlay's  cal- 
culations in  detail,  but  would  refer  to  a  pamphlet  on  the  subject  which 
he  himself  had  written  in  January,  1889,  and  which  seemed  to  throw 
some  light  on  the  question  of  struts  loaded  at  the  ends. 

It  at  least  shows  that  the  indeterminate  result  of  the  analytic  solution 
of  the  problem  is  due  to  the  approximate  method  employed  in  solving 
the  equations,  and  that  it  will  disappear  when  the  solution  is  more 
complete  and  r  igourous.  He  would  also  beg  to  remark  that  the  theory  of 
struts  loaded  at  the  ends  does  not,  in  his  opinion,  aim  at  determining 
what  takes  place  when  the  strut  bends  and  is  going  to  break,  but 
rather  at  investigating  the  conditions  which  it  must  satisfy  in  order 
that  it  may  neither  tend  to  band  nor  break.  Engineers  are  nowadays 
very  nearly  in  accord  on  this  last  practical  question,  and  the  formulae 
which  they  employ,  very  different  according  to  thee  >untry  and  customs, 
lead  to  the  same  results,  excepting  as  to  the  degree  of  safety  adopted. 

Prof.  Burr.  The  subject  of  long  columns  hasprobubly  received  as  much  analytical 

consideration  as  any  one  construction  with  which  the  engineer  has  to 
deal,  and  yet  it  is  a  little  singular  that  most  of  the  latest  purely  mathe- 
matical treatments  of  this  problem  are  radically  in  error  in  the  assump- 
tions on  which  the  mathematics  of  the  subject  are  based.  Unless  the 
writer  quite  misapprehends  its  scope,  this  paper  is  not  an  exception  to 
the  last  observation.  Euler  and  the  eminent  mechanicians  from  his 
time  down  to  the  present,  with  Saint  Venant  and  Clebsch  pre-eminent 
anion"  the  later  ones,  saw  and  promised  that  the  common  theory  of 
flexure  could  only  be  applied  with  even  approximate  accuracy  to  columns 
whose  lengths  were  very  great  as  compared  with  their  lateral  dimensions 
in  the  plane  of  flexure.  Just  what  these  lengths  are  it  is  perhaps  im- 
possible to  exactly  determine,  but  we  know  that  with  wrought  iron,  for 
which  the  coefficient  of  elasticity  in  compression  may  be  taken  at 
28  000  000  lbs.,  and  the  ultimate  resistance  to  compression  in  short 
locks  at  60,000  lbs.,  the  lengths  will  considerably  exceed  140  and  70 
times  the  radius  of  gyration  for  fixed  and  rounded  ends,  respectively, 
thus  excluding  the  greater  part  or  all  of  the  columns  used  in  railroad 
bridges.     In  fact  a  considerable  number  of  Mr.  Christie's  tests  of  very 
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long  angle  iron  struts  indicate  with  strong  probability  that  these  limits 
should  not  be  taken  lower  than  250  and  125  times  the  radius  of 
gyration,  which  would  leave  nothing  in  the  field  of  bridge  columns 
to  be  even  approximately  covered  by  the  theory.  Such  experimental 
results  constitute  by  the  process  of  exclusion  a  most  interesting 
confirmation  of  the  common  theory  of  flexure  in  its  own  proper  field, 
but  demonstrate  the  hopeless  futility  of  any  aud  ail  attempts  to  force 
from  it  a  column  formula  for  bridge  members.  This  erroneous  impres- 
sion regarding  the  applicability  of  the  common  theory  of  flexure  to 
ordinary  compression  members  is  probably  due  to  the  fact  that,  with  one 
or  two  exceptions  only,  writers  of  authority  in  the  English  language 
assume  either  the  theory  itself,  or  such  imaginary  and  erroneous  con- 
ditions as  enable  some  of  its  chief  features  to  flow  from  them  in  a  very 
simple  manner,  and  thus  utterly  fail  to  discover  its  true  scope.  If  the 
theory  were  deduced  from  the  fund  imental  conception  ■>  of  the  mathema- 
tical theory  of  elasticity  in  solid  bodies,  as  it  should  be.  engineering 
authorities  would  fall  into  much  fewer  errors  regarding  its  use,  and, 
among  others,  the  statement  that  it  requires  normal  sections  plane  before 
flexure  to  remain  plane  during  flexure.  The  theory  shows,  in  fact,  that 
such  sections,  in  the  general  case,  cannot  possibly  remain  plane  when 
flexure  takes  place. 

But,  returning  to  Mr.  Findlay's  paper,  the  writer  thinks  that  it  will 
impress  most  experienced  structural  engineers  that  his  assumption  of  the 
eccentricity  («)  of  the  line  of  applied  load  is  very  far,  inmost  cases,  from 
representing  actual  column  conditions.  If  the  columns  are  with  flat  ends, 
it  is  scarcely  probable,  and  much  less  possible,  that  the  line  joining* 
centres  of  pressure  at  their  ends  will  be  exactly  parallel  to  its  axis.  In 
fact  those  centres  arc  as  liable  to  lie  on  opposite  sides  of  the  column  axis  as 
to  occupy  other  positions,  if  not  far  more  so.  If  the  columns  are  with 
pin  ends  the  assumption  of  a  mean  eccentricity  of  appreciable  value  is 
still  more  liable  to  be  erroneous,  for  the  centres  of  pressure  are  then 
essentially,  if  not  exactly,  at  the  pin  centres  in  the  column  axis  at  each 
end.  The  matter  of  pin  friction  is  too  indeterminate  to  make  it  other 
than  dangerous  to  attempt  to  definitely  represent  it  in  an  analytical 
column  formula,  either  by  means  of  eccentricity  or  otherwise.  These 
considerations  in  connection  with  the  rough  analytical  approximations, 
by  which  Mr.  Pindlay  causes  a  and  60  to  be  displaced  by  measurable 
elements,  make  it  a  matter  of  very  serious  doubt  whether  his  formulae 
are  as  exact,  in  the  end,  as  theoretical  expressions,  as  Euler's.  The 
assumption  of  a  mean  value  of  eccentricities  conduces  to  simplicity  in 
analytical  treatment,  and  is  certainly  justifiable  on  that  ground  ;  but 
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there  is  equally  good  reason  for  going  a  short  step  further  and  making 
the  •''  mean  value  ''  zero,  as  is  done  in  Euler's  formula.  In  reality,  as 
Mr.  Findlay  observes,  his  formula  is  in  no  way  different  from  Euler's, 
except  in  the  fact  that  the  latter  makes  the  former's  a  equal  to  zero. 
Hence  the  main  features  of  both  expressions,  as  column  formulae,  must 
be  essentially  the  same,  and  as  it  has  been  shown  that  both  involve  about 
the  same  degree  of  approximation,  it  is  reasonable  to  conclude  that 
neither  will,  on  the  whole,  give  actual  column  resistances  much  nearer 
than  the  other.  This  conclusion  is  confirmed  by  results  of  tests  on  full- 
sized  columns. 

These  latter  also  confirm  the  conclusion  reached  in  this  discussion  as 
to  the  impossibility  of  establishing  any  column  formula  for  ordinary 
bridge  members  by  the  use  of  the  common  theory  of  flexure. 

In  1879  Messrs.  Clarke,  Eeeves  &  Co.  tested  to  destruction  sixteen 
full  sized  Phoenix  Columns  with  flat  ends,  in  the  large  testing  machine 
at  the  U.  S.  Arsenal  at  Watertown,  Mass.  Each  of  these  columns  had 
a  sectional  area  of  a  little  over  12  square  inches,  and  their  lengths  varied 
from  7  to  28  feet.  Between  the  values  of  28  and  112  for  the  ratio  of 
I-7-r  (length  divided  by  radius  of  gyration)  the  following  simple  for- 
mula gives  values  of  the  ultimate  resistance  in  pounds  per  square  inch 
far  more  closely  than  any  form  of  expression  that  can  be  deduced  from 
the  common  theory  of  flexure  : 

/ 
p  =  39640—46—         (1) 

It  is  believed  that  this  experimental  form  of  column  formula  was 
first  given  by  the  writer  in  a  discussion  of  these  tests,  as  published  in 
the  Transactions  of  the  American  Society  of  Civil  Engineers  for  1881. 
It  has  since  come  into  quite  common  use. 

During  the  years  1880,  1881,  etc.,  a  series  of  70  tests  of  full  sized 
latticed  channel  columns  was  completed  at  the  U.  S.  Arsenal  at  Water- 
town,  Mass.,  and  the  results  were  published  in  various  "  Ex.  Docs." 
by  the  U.  S.  Government.  These  columns  had  3|  inch  pin  ends  with 
6  to  12  inch  channels  having  areas  from  4.65  square  inches  to  21.00 
square  inches,  and  lengths  from  10  feet  to  30  feet.  Between  values 
of  30  and  130  for  W  r  the  formula  : 

p  =  40,000  —  110  J         (2) 

gives  ultimate  resistance  in  pounds  per  square  inch  nearer  to  the  test 
results  than  any  formula  derived  from  the  theory  of  flexure,  although 
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the  following  is  tolerably  satisfactory  : 


p  ■=-  i         /      2 

1   +   —   i  --I  (3) 


ni),oiio 


Three  inch  squire  solid  wrought  iron  columns,  varying  in  length 
from  30  to  179.5  inches,  and  tested  in  the  same  machine,  with  1^  inch 
pin  ends,  yielded  the  following  very  close  formula  between  1  ^  r  =  30 
and  210:— 

p   =  32,000  —  80  1 

r         (4) 

The  full  sized  tests  by  Mr.  James  Christie,  mentioned  by  Mr.  Find- 
lay,  gave  the  following  very  close  expressions  for  ultimate  resistances  in 
pounds  per  square  inch  : — 
Flat  and  fixed  end  iron  angles  and  Tees  : — 

p  ==44,000  —  140—        (5) 
r 

Round  end  iron  angles  and  Tees  : — 

p  ==  46,000  —  175-L 

(6) 


Flat  end  mild  steel  angles: — 
p== 

Flat  end  high  steel  angles  : — 


p  ==  52,000  —  180-L 

r         (7) 


p  =  f  6,000  -  290±-       (8) 

Equations  (5),  (6),  (7)  and  (8)  are  to.be  used  only  between 

_1  ==  40  and  200. 
r 

Flat  end  iron  channels  and  I  beams  for — —  20  to  240  : — 

r 

p  =  40,000  —  110 J_ 

r        (9) 

It  has  not  been  thought  necessary  to  reproduce  here  either  the  mass 
of  numerical  results  showing  a  comparison  between  the  experimental 
resistances  and  those  derived  from  Equations  (1)  to  (9),  or  the  scale 
diagrams  showing  the  same  thing,  but  they  may  be  seen  in  all  detail 
and  consulted  in  the  writer's  "Resistance  of  Materials,"  pages  450  to 
462. 

None  of  the  above  Equations  except  Equation  (3)  can  be  established 
either  in  form  or  type  by  the  common  theory  of  flexure,  nor  doss  Equa- 
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tion  (3)  or  any  other  formula  similar  to  it  or  to  Euler'sgive  results  agree- 
ing nearly  as  -well,  with  full  sized  tests,  as  those  of  the  above  equation? 
between  the  limits  indicated,  whicb,  it  is  important  to  observe,  are 
both  below  the  theoretical  limits  of  applicability  of  Euler's  formula. 
The  crucial  test  of  actual  experience,  therefore,  shows  only  what  the 
true  theory  establishes  with  equal  clearness  and  certainty,  viz.,  that 
no  formula  based  on  the  common  theory  of  flexure  can  be  devised 
which  will  satisfactorily  represent  the  ultimate  resistances  of  ordinary 
bridge  columns. 

Mr  Mouiton.  Having  carefully  followed  Mr.  Findlay's  demonstration  of  the  for- 
mula he  presents  for  the  permissible  stress  in  columns,  it  seems  to  the 
writer  that  he  has  produced  one  which  gives  proper  expression  to  the 
factors  which  should  be  recognised  and  used  as  the  basis  of  workins 
data  in  proportioning  structures. 

The  main  trouble,  however,  is,  as  he  clearly  states,  that  experimen- 
ters have  not  given  us  sufficiently  complete  data,  in  the  reports  of  their 
tests,  to  enable  us  to  judge  accurately  when  in  the  tests  the  elastic  limit 
was  passed,  and  at  what  points  actual  crippling  of  the  piece  as  a  whole 
occurred. 

The  writer  has  never  doubted  that  if  we  could  determine  with  cer- 
tainty, in  compressive  tests  on  columns,  the  stage  at  which  the  elastic 
limit  is  passed,  it  would  be  found  to  vary  with  much  more  regularity 
than  that  at  which  crippling  takes  place. 

Could  we  have  a  sufficient  number  of  reliable  experiments,  conducted 
according  to  a  proper  system,  and  covering  the  ordinary  range  of  lengths 
and  forms  of  cross  section,  so  as  to  obtain  the  elastic  limit  for  each  case 
in  a  similar  manner,  there  would  result  much  more  rational  data  from 
which  to  determine  our  working  values  than  those  on  which  our  present 
formulae  are  based. 

There  is,  however,  little  likelihood  of  such  experimental  work  being 
done  for  some  time,  hence  the  question  arises  whether  we  can  improve 
our  formulae  with  our  present  data. 

For  determining  the  modulus  of  elasticity  of  a  built  column,  th  e  best 
way  would  of  course  be  to  test  one  like  it,  otherwise  we  must  determine 
the  compressive  moduli  of  the  component  parts,  either  by  direct  com- 
pressive tests,  requiring  much  care  in  preparation,  or  by  approximations 
from  the  tension  moduli,  and  assume  that  the  resultant  is  like  that  of 
the  whole  column. 

The  writer  has  little  faith  in  the  latter  method,  as  he  has  seen,  iul 
steel,   so   much   variation  in    the   modulii   of  the  parts  composing  a 
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certain  built  member,  and  has  also  observed,  in  the  case  of  a  very 
few  steel  posts,  where  he  has  had  accurate  data  for  comparison,  the 
further  variation  of  these  modulii  from  that  of  the  post  as  a  whole. 

If  we  could  refer  our  permissible  stress  to  the  elastic  limit,  the  fac. 
tor  or  ratio  would  be,  of  course,  much  less  than  we  now  use  when 
referring  to  the  ultimate  crushing  strength,  and  consequently  we  should 
have  to  deal  very  carefully  with  the  circumstances  tending  to  vary 
the  elastic  limit. 

Mr.  Fiudlay  makes  an  excellent  point  when  he  introduces  the  factor 
2  into  his  formula,  and  were  Gordon's  (or  Rankine's)  a  more 
rational  formula,  the  writer  would  agree  that  it  would  be  well  to 
introduce  it  there ;  but,  as  far  as  our  practice  in  the  United  States  is 
concerned,  the  tendency  is  to  forsake  the  formula  as  it  stands  for  simpler 
forms  which  represent  straight  lines,  and  seem  to  fit  in  between  the 
experiments  about  as  well,  and  any  further  complication  or  rather 
addition  to  the  formula  would  be  about  as  hard  to  introduce  with  us  as 
an  entirely  new  formula. 

The  disturbing  element  in  railroad  structures,  which  has  always 
seemed  to  the  writer  to  tend  to  vitiate  any  deductions  drawn  from 
quiescent  tests  in  the  physical  laboratory,  is  the  vibration  during  the 
passage  of  rapidly  moving  loads. 

We  are  of  course  trying  to  arrange  our  formulae  to  take  account  of 
this,  but  when  we  get  down  to  bottom  facts  what  have  we  for  data  on 
which  to  base  our  changes? 

Fresh  in  mind  is  a  discussion  on  a  set  of  formulae  presented  to  the 
Am.  Soc.  C.  E.,  which  embodied  the  ideas  brought  out  by  the  experi- 
ments of  Wohlcr  and  Spangenburg ;  and  it  was  argued,  and  the  writer 
thinks  maintained,  by  the  majority  of  our  most  prominent  experts, 
that  the  experiments  and  the  data  afforded  by  them  were  not  sufficient  to 
warrant  us  in  accepting  and  applying  the  theory  in  the  form  then  pre- 
sented. 

Such  being  the  case  with  a  long  series  of  experiments  in  evidence,  how 
little  direct  and  conclusive  testimony  may  we  be  said  to  have  regarding 
the  effect  of  vibration  on  the  resistance  of  the  compression  members  in 
a  railroad  bridge  ?  None  attempt  to  ignore  its  influence,  and  the 
theory  most  accepted  with  us  now  is  to  make  the  permissible  working 
stress  for  live  loads  equal  to  one  half  that  for  dead  loads.  Necessarily, 
there  must  be  a  starting  point  for  the  formulae,  and  that  is  taken  so 
that  the  old  units  obtain  for  a  structure  wherein  the  dead  load  is  about 
one  half  the  live  load.  This  would  occur  with  the  American  type  of 
construction  in  a  span  of  about  150  feet  single  track,  with  a  live  load 


142  Discussion  on  Columns. 

of  two  consolidation  engines  each  weighing  about  83  net  tons  on  50 
feet,   followed   by  a  train  of  3000  lbs.  per  lineal  foot. 

The  first  advance  was  in  using  Eankine's  formula  expressed  in  the 
present  paper 

/ 


1  + 


•Q' 


in  which  the  constant  "  c  "  varied  with  the  form  of  section  as  before,  and 
the  constant  "/"  was  made  8000  lbs.,  increased  in  a  certain  ratio  aa  the 
span  exceeded  150  feet — all  applied  to  the  combined  live  and  dead 
stresses. 

As  before  mentioned,  the  form  most  in  present  favour  is  a  formula  of 
a  straight  line,  and  is  applied  to  the  live  and  dead  load  stresses  separ- 
ately, giving  the  permissible  unit  stresses  for  the  former  just  one  half 
of  those  for  the  latter. 

The  writer  has  preferred  to  retain  the  "  Eankine  "  form,  giving  as  it 
does  a  somewhat  greater  range,  varying  the  constant  "f"  in  a  similar 
manner  for  live  and  dead  loads  separately,  and  has  found  it  quite  accept- 
able to  a  number  of  engineers  of  prominence. 

It  is  his  belief  that  the  next  move  in  experimental  work  of  value,  to 
determine  the  working  strength  of  columns,  will  have  to  be  made  by 
applying  some  form  of  self-registering  dynamometer  to  columns  in  exist- 
ing bridges  during  the  passage  of  trains,  and  by  systematic  experiment 
with  known  loads  and  velocities  ascertain  what  our  compression  mem- 
bers already  constructed  and  in  constant  use  are  doing  under  their 
daily  conditions,  and  from  such  data,  together  with  full  knowledge  of 
the  parts  when  unloaded,  ascertain  the  state  of  our  practice  in  design- 
ing columns,  and  wherein  it  should  be  improved. 

Mr.  Whited.  The  author  speaks  of  Euler's  theory  of  columns  as  being  unsound. 
It  is  a  fact  that  a  long  column  shows  no  notable  deflection  until  it  is 
loaded  very  nearly  up  to  its  ultimate  strength,  and  although  it  may  be 
difficult  to  understand  how  the  same  load  that  first  produces  flexure  is 
sufficient  to  bend  the  column  double,  experience  shows  that  the  increase 
of  load  necessary  is  slight,  and  it  is  quite  possible  that  that  slight 
increment  may  be  accounted  for  by  the  internal  stresses,  the  want  of 
uniformity,  and  the  eccentricity  of  the  column. 

He  also  says  that  the  length  of  a  wrought  iron  column  must  be  about 
100  times  its  radius  of  gyration  in  order  that  it  may  fail  by  bending 
under  a  load  equal  to  its  elastic  limit,  and  about  140  times  its  radius  of 
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gyration — not  400  times,  as  the  author  states — in  order  that  it  may  fail 
under  £  its  elastic  limit  according  to  Euler's  theory,  while  columns 
much  .-horter  than  this  actually  do  fail  by  bending.  These  facts  may 
be  accounted  for  by  the  fact,  that  some  portion  of  the  shorter  column  is 
strained  beyond  the  elastic  limit  before  Euler's  limit  is  reached,  and 
therefore  no  rational  theory  will  hold,  and  experiments  prove  very 
little.  It  may  be  assumed  that  whenever  any  portion  of  a  column 
is  strained  beyond  its  elastic  limit,  bending  will  take  place  provided 

i_  exceeds  a  certain  very  moderate  amount.  Euler's  theory  is  based 
s 

upon  conditions  that  are  not  realized  in  practice,  but  that  is  the  case 

with  a  great  many  other  physical  theories. 

With  regard  to  the  values  of  f  and  c,  they  seem  to  depend  very 
much  upon  circumstances,  and  that  the  engineer  has  an  excellent  chance 
to  use  a  little  good  judgment  in  his  assumptions.  For  example,  rolled 
wrought  iron  is  made  sometimes  from  special  and  sometimes  from  mis- 
cellaneous scrap,  but  in  any  case  it  is  liable  to  be  far  from  uniform. 
Mild  steel  is  rolled  from  the  ingot,  and  is  much  more  nearly  homoge- 
neous. Cast  iron  is  very  liable  to  hidden  defects,  and  allowance  must  be 
made  for  that  fact.  The  closing  of  the  rivets  in  rivetted  columns  is  liable 
to  produce  quite  serious  internal  stresses,  the  cold  straightening  of  rolled 
metal  has  a  similar  effect.  In  columns  for  buildings  the  settlement  or 
yielding  of  something  may  change  the  manner  of  loading  very  materially. 
Such  things  as  connecting  rods  and  other  working  parts  of  machinery 
that  are  machined  all  over  are  much  more  accurately  made  and  loaded 
than  any  class  of  structural  iron  work.  In  bridges  the  speaker  is  in 
favour  of  specifying  a  certain  maximum  eccentricity,  perhaps  about 
one-half  inch  for  ordinary  bridge  work,  and  insisting  upon  that  rule 
being  observed.  To  be  sure  some  engineers  specify  that  compression 
members  for  bridges  shall  be  perfectly  straight,  but  any  manufacturer 
will  tell  them  that  he  does  not  expect  to  make  anything  perfect  in  his 
establishment  until  the  millennium.  If  engineers  will  bear  this  fact 
in  mind,  and  write  specifications  that  can  be  carried  out  at  a  price  they 
are  willing  to  pay,  insist  on  their  being  strictly  carried  out,  and  make 
their  calculations  accordingly,  substituting  the  corresponding  values  for 
the  constants  in  the  author's  modification  of  Euler's  formula,  making- 
due  allowance  for  accidental  circumstances,  they  will  have  their 
columns  as  well  proportioned  as  the  present  state  of  science  and  art 
will  permit  in  all  cases  where  the  author's  formula  is  available. 

The  speaker's  experimental  knowledge  of  columns  is  very  limited, 
but  the  tests  that  have  been  carried  out  were  very  carefully  made  with 
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the  Emery  testing  machine,  and  the  results  were  as  follows:  — 

test  no.  1. 

3^  "  *  3^-"x  4/'  I  beam,  square  ends  86.3"  long,  deflections  measured 
from  points  84"  apart.     Area  2.448  sq.  in.,  moment  of  inertia  1.3604, 

radius  of  gyration  .7455",  i  ==  116  failed  at  91100=  37214  per  sq.  in. 

P 

Elastic  limit  in  tension  41356  per  sq.  in.,  so  that  in  view  of  the  fact  that 
the  elastic  limit  in  tension  may  differ  considerably  from  that  in  com- 
pression, and  also  owing  to  various  causes  mentioned  above,  the  stress 
may  not  have  been  uniformly  distributed  over  the  section  of  the  column, 
and  it  is  fair  to  assume  that  some  part  of  the  column  was  strained  beyond 
the  elastic  limit  before  failure  took  place,  and  therefore  no  column  formula 
has  any  legitimate  application.  When  the  load  reached  53,000  it  was 
removed,  showing  no  permanent  compression  and  very  slight  permanent 
deflection,  and  the  deflection  did  not  reach  its  previous  amount  until  the 
load  reached  88,000,  and  was  not  notably  increased  till  the  load  was 
within  1  percent,  of  the  ultimate  strength,  and  after  the  ultimate  strength 
was  reached  the  load  diminished  while  the  column  continued  to  defle  ct. 
This  was  owing  of  course  to  the  outer  fibres  being  strained  beyond  the 
elastic  limit. 

TEST  NO.  2. 

5^-"x4f"I  beam,  112.26"  long  square  ends,  deflections  measured 
from  points  108"  apart.  Area  =  4.854  sq.  in.,  moment  of  inertia  = 
4.97074,  radius  of  gyration  1.0119".  This  was  tested  transversely  on 
35"  bearers  with  the  load  in  the  centre  showing  a  deflection  of  .0265"  at 
5390,  whence,  by  the  equation  of  the  elastic  curve,  the  modulus  of  elasti- 
city =  36630000.  This  column  did  not  fail  under  the  greatest  load  the 
machine  was  capable  of  applying,  and  is  only  given  to  show  how  rapidly 
the  deflection  takes  place  as  the  ultimate  strength  is  approached.  It 
was  not  so  rapid  in  this  case  as  in  the  preceding  one,  doubtless  owing  to 
internal  strains  in  the  metal.  It  will  also  be  seen  that  the  column  was 
strained  very  little  beyond  its  elastic  limit. 

TEST  NO.  3. 

Another  piece  of  the  same  I  beam  from  which  2  was  cut.  This 
was  tested  on  pin  bearings,  pins  2.92",  length  centre  to  centre  111.17", 

-  about  110 ;  failed  at  149600  by  crippling.     The  diagram  shewed  that 

the  deflection    was    almost    nil    until   the  load   had   nearly   reached 
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the  maximum,  when  it  increased  very  rapidly,  in  the  present  case  with  a 
bound ,  probably  because  the  friction  of  motion  on  the  pin  was  less  than 
the  friction  of  rest.  If  we  substitute  the  value  of  the  modulus  of 
elasticity  as  given  above  =  36630000  in  Euler's  formula,  we  shall 
obtain  145100  as  the  ultimate  strength  of  the  column,  which  agrees 
sufficiently  nearly  with  the  experimental  result.  It  is  to  be  understood, 
however,  that  this  fact  does  not  prove  Euler's  theory  to  be  applicable  in 
practice,  it  only  tends  to  indicate  that  the  conditions  of  the  test  were 
very  nearly  those  on  which  Euler's  theory  depends. 


Thursday,  27th  March. 
H.  T.  Bovey,  Member  of  Council,  in  the  Chair. 

The  discussion  of  Mr.  M.  J.  Butler's  paper  on  "The  Manufacture 
of  Natural  Cement "  and  of  Mr.  Findlay's  paper  on  "Columns" 
occupied  the  evening. 


Thursday,  10th  April. 

C.  E.  Goad,  Member,  in  the  Chair. 

The  following  candidates  having  been  balloted  for  were  declared 
duly  elected  as  : — 

Members. 

Ira  Abbott,  Alexander  Lauder  Hogg. 

Associate  Members. 

Arthur  Thomas  Kelly  Evans,  Charles  Thomas  Symmes. 

Associates. 

Walter  Reginald  Baker,  Hon.  Donald  McInness, 

J.  Philip  Scott- 
Students. 

Franklin  M.  Bowman,  Henry  Robertson  Lordly, 

John  Andrew  Duff,  James  R.  Pedder, 

Joseph  H.  Lefebvre,  Thomas  Henry  Wiggins- 

The  following  has  been  transferred  from  the  class  of  Associate  Mem- 
bers to  that  of  Members  : — 

Charles  Le  Baron  Miles. 


The  following  has  been  transferred  from  the  class  of  Associates  to 
that  of  Associate  Members  : — 

George  Brokitt  Abrey. 

The  following  has  been  transferred  from  the  class  of  Students  to 
that  of  Associate  Members  : 

Roderick  MacColl. 


IRRIGATION  IN  BRITISH  COLUMBIA. 
By  E.  Mohun,  M.  Can.  Soc.  C.  E. 

The  art  of  irrigation  may  claim  to  have  been  practised  by  the 
oldest  branch  of  that  profession  which  seeks  to  direct  the  great  sources 
of  power  in  nature  for  the  use  and  convenience  of  man.  Its  origin  is  lost 
in  the  mists  of  antiquity,  but  the  skill  and  knowledge  of  hydraulic  laws 
possessed  by  the  first  civil  engineers  are  attested  by  the  ruins  of  the 
gigantic  works  constructed  by  them  in  Egypt  and  Assyria.  In  the 
former  we  find  the  artificial  Lake  Moeris,  two  hundred  and  twenty -five 
miles  in  circumference,  according  to  Herodotus,  supposed  to  have  been 
constructed  by  Amenemhat  III.  about  2380  B.C.,  the  great  Canal 
Bahr-Yoosup,  350  miles  long,  constructed  under  the  Pharaohs,  and 
repaired  by  Saladin,  and  the  Sweet  Water  Canal  attributed  to  Sesos- 
tris  about  1400  B.C.  In  Assyria,  Khammuragas,  probably  about  2000 
B.C.,  is  credited  with  the  construction  of  numerous  canals  and  the 
embankment  of  the  Tigris. 

About  600  B.C.  Nebuchadnezzar  embanked  the  Euphrates ;  cut 
canals  to  carry  its  overflow  into  the  Tigris ;  excavated  a  reservoir,  forty 
miles  square  and  thirty-five  feet  deep  (Herodotus)  to  receive  the 
waters  of  the  former  river,  while  its  channel  was  being  lined  with  brick  ; 
and  constructed  the  far-famed  Hanging  Gardens  of  Babylon,  on  a 
series  of  arches  at  least  75  feet  high  and  400  Greek  feet  square.  It  is 
said  that  the  water  for  their  irrigation  was  raised  from  the  Euphrates 
by  an  Archimedean  screw.  In  China  its  history  appears  to  be  coeval 
with  that  of  the  Chinese  Empire.  In  India  in  modern  times  the 
Imperial  Government  spent  in  ten  years  on  irrigation  no  less  a  sum 
than  £10,457,702  sterling.  Of  this  amount  £5,673,401  was  expended 
in  the  North  West  Provinces,  including  the  great  works  of  the  Ganges,, 
the  Eastern  Jumna,  the  Agra,  and  the  Lower  Ganges  canals ;  the 
area  irrigated  in  the  North  West  Provinces  being  1,461,428  acres. 

One  of  the  most  gigantic  of  modern  irrigation  schemes  is  proposed 
in  Southern  Idaho,  and  includes  the  construction  of  two  great  canals 
300  and  280  miles  long  respectively,  for  the  purpose  of  irrigating  an 
estimated  area  of  4,500,000  acres.  At  the  present  day  irrigation  is  in 
systematic  use  on  every  continent,  and  has  proved  of  inestimable  value 
in  adding  to  the  food  supplies  of  the  population  of  the  globe. 

In  1878  the  author  received  instructions  to  report  upon  irrigation  as 
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■ 
practised  in  British  Columbia  for  the  information  of  the  Dominion 
Government,  and  this  paper  is  principally  based  upon  the  notes  then 
taken.  He  would  also  bespeak  the  indulgence  of  the  older  members, 
when  entering  into  details  with  which  they  are  familiar,  but  to  which, 
it  may  reasonably  be  assumed,  some  of  the  younger  members  have  not 
probably  devoted  much  attention.  The  main  objects  of  the  investiga- 
tion were  to  ascertain  how  much  water  was  required  for  crops,  and 
whether  the  existing  supplies  were  properly  utilized. 

THE    MINER'S    INCH. 

As  there  will  be  frequent  occasion  to  refer  to  the  Miner's  Inch,  the 
standard  measure  of  water  both  for  mining  and  agriculture,  it  may  be 
well  before  proceeding  further  to  define  it. 

In  California,  the  inch  varies  in  different  localities,  and  it  means  the 
amount  which  will  pass  through  an  orifice  one  inch  square  in  a  two 
inch  plank  with  a  certain  head  ;  the  usual  head  is  six  inches  above  the 
top  of  the  orifice.  As,  however,  the  depth  of  the  orifice  is  sometimes 
made  two  inches,  with  a  head  varying  from  five  to  eight  inches  above 
it,  it  is  obvious  that  the  inch  in  California  is  not  a  fixed  quantity  in 
practice,  and  the  writer  believes  there  is  no  State  law  regulating  it. 
Mr.  Melville  Attwood,  a  well-known  mining  engineer  in  San  Francisco, 
informed  the  author  that  the  inch  recognized  by  the  profession  gener- 
ally was  92  lbs.  a  minute.  About  sixteen  years  ago  Mr.  Amos  Bow- 
man, now  of  the  Geological  Survey  of  Canada,  then  in  California,  made 
a  practical  and  admirable  suggestion,  namely,  that  an  inch  of  water 
should  mean  100  cubic  feet  an  hour,  or  2400  cubic  feet  a  day.  Had 
his  suggestion  been  adopted,  the  matter  would  have  been  much  sim- 
plified. 

In  1878  the  Mining  Laws  of  British  Columbia  permitted  the  orifice 
to  be  ten  inches  or  less  in  depth,  with  any  head  not  more  than  seven- 
teen inches  above  the  bottom  of  the  orifice.  A  few  years  later  the 
author  brought  the  matter  to  the  notice  of  the  Provincial  Government  ; 
the  following  is  now  the  definition  according  to  the  Land  Act:  — 

"  In  measuring  water  in  any  ditch  or  sluice,  the  following  rules 
shall  be  observed:  — 

"  The  water  taken  into  a  ditch  or  sluice  shall  be  measured  at  the  ditch 
or  sluice  head.  No  water  shall  be  taken  into  a  ditch  or  sluice  except 
in  a  trough  placed  horizontally  at  the  place  at  which  the  water  enters 
it,  and  which  trough  shall  be  extended  two  feet  beyond  the  orifice  for 
the  discharge  of  the  water.  One  inch  of  water,  or  any  multiple 
of  one  inch,    shall  mean  half  the  quantity  that  will  pass   through  an 
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orifice  two  inches  high  by  one  or  more   inches  wide,  with  a  constant 
head  of  seven  inches  above  the  upper  side  of  the  orifice." 

These  dimensions  and  head  were  adopted  as  being  as  nearly  as  possible 
in  accordance  with  the  customary  measurement.  It  is  believed  that  this 
standard  has  since  been  adopted  by  the  Dominion  Government. 

Taking  the  value  of  c.  at  0.645   (Greenhill  &  Unwin): — 
one  inch  =  0.645  V~29h  x  0.01389  x  43200  =  2536   cubic  feet  a  day. 
And  for    orifice  of  different  depths  with  other   heads  the  number  of 
inches  =  C7h  x    273.4  x  a. 

The  construction  of  gauges  has  for  a  long  time  occupied  the  atten- 
tion of  the  hydraulic  engineers  of  Northern  Italy  ;  and  the  researches 
and  experiments  made  by  them,  for  the  purpose  of  establishing  a  simple 
self-acting  instrument  of  that  description,  led  to  the  discovery  of  the 
ibllowing  curious  law  of  hydrodynamics,  upon  which  is  based  the  prin- 
ciple of  the  gauges  used  in  Piedmont  and  Lombardy. 

"  It  was  ascertained  that,  in  a  vase  constantly  supplied,  but  divided 
into  two  portions  by  a  diaphragm  susceptible  of  being  moved  vertically, 
with  a  discharging  orifice  on  one  side  of  the  vase,  a  constant  difference 
of  level  existed  in  the  surfaces  of  the  respective  portions  of  the 
reservoir  so  long  as  the  water  flowed  ;  and  that  this  difference  of  level 
was  greater  in  proportion  as  the  opening  of  the  diaphragm  was  less 
compared  to  that  of  the  orifice.  And  it  was  also  observed  that  if,  by 
any  change  in  the  direction  of  the  supply  or  the  flow,  the  level  were 
made  to  alter  on  either  side  of  the  diaphragm,  the  corresponding  varia- 
tions in  the  level  upon  the  two  sides  continued  always  to  be  proportional 
to  the  respective  difference  of  level  first  established."  (Burnell.) 

A  sketch  of  one  of  these  modules  is  shewn  in  Plate  VII,  Figure  1,  in 
which  the  water  is  admitted  into  the  regulating  chamber  A  by  the  mova- 
ble sluice  b.  The  water  is  maintained  at  the  proper  height  in  the  regulat- 
ing chamber  when  discharging  through  the  orifice  O,  by  raising  or  lower- 
ing the  sluice  b.  The  chamber  A  is  covered  with  a  ceiling  at  the  exact 
level  of  the  required  head  (which  is  indicated  by  a  gauge)  to  still  the 
agitation  of  the  entering  water.  The  unit  of  measurement  varies  in. 
different  localities  as  follows  : — 


Height  of 

Width  of 

Head  above 

Discharge  i 

Orifice. 

Orifice. 

top  of  Orifice. 

cubic  feet 

ft. 

ft. 

ft. 

a  second. 

0.12416 

0.32 

0.61655 

Canal  of  Cremona.     1.31816 

0.131 

0.131 

0.722 

Sardinian  Module.     0.6562 

0.6562 

0.6562 

2.046 

Oticia    Magistrale 

of  Milan 0.655 

0.3426 

0.3294 

0.866. 
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Iu  Spain  a  module  giving  very  good  results  is  in  use  on  the  Madrid 
Canal,  Figure  2.  Its  construction,  however,  involves  a  serious  loss 
of  level  between  the  canal  and  the  irrigation  ditch.  This  module  con- 
sists of  two  chambers,  one  above  the  other.  To  the  upper  one  the  water 
has  free  access  from  the  canal,  in  its  floor,  which  is  also  the  roof  of  the 
lower  chamber;  there  is  a  circular  sharp-edged  orifice  in  a  bronze  plate, 
in  which  hangs  a  circular  plug  of  varying  diameter  suspended  from  a 
float,  The  plug  is  so  shaped  that  as  the  water  in  the  upper  chamber 
rises  and  falls  and  the  float  and  plug  with  it,  the  free  passage  in  the  orifice 
is  diminished  or  enlarged,  so  that  the  quantity  discharged  is  uniform, 
though  the  head  may  vary.  From  the  lower  chambsr  the  water  is  dis- 
charged through  a  culvert  into  the  irrigation  ditch. 

An  ingenious  method  of  measurement  has  been  proposed  in  England. 
In  this  module  the  orifices  are  in  a  sliding  metal  plate,  connected  by 
a  link  to  a  lever,  attached  at  one  end  to  a  float  in  the  regulating 
chamber,  and  so  proportioned  that  the  plate  rises  and  falls  with  the 
float,  maintaining  the  top  of  the  orifice  at  a  uniform  depth  below  the 
surface  of  the  water.  Mr.  Appold  has  also  invented  a  module  in  which 
the  water  passes  through  a  pipe  having  an  enlarged  chamber,  in  which 
swings  a  heavy  pen  lulum,  so  proportioned  that  the  discharging  orifice 
diminishes  as  the  pendulum  under  increased  pressure  approaches  a 
horizontal  position. 

The  general  rules  for  irrigating  crops,  laid  down  by  DeCandolle,  are 
thus  briefly  enumerated  by  Dempsey  : — 

1st.  That  the  water  should  be  well  aerated;  the  presance  of  atmospheric 
air  is  good,  but  that  of  carbonic  acid  gas  much  better;  and  it  is  desir- 
able that  the  water  should  contain  fertilizing  matters. 

2nd.  In  the  winter  there  should  be  little  irrigation,  because  the 
plants  are  then  dormant,  and  water  is  then  superabundant.  Iu  spring 
water  is  usually  abundant.  In  summer  it  is  wanting;  and  at  that 
time  the  water  should  be  given  in  the  evening. 

3rd.  The  quantity  of  the  water  to  be  applied  should  be  varied 
accord  ing- 
ot. To  the  object  of  the  culture  : — When  for  leaves,  more  water  should 
be  given  than  when  for  flowers ;  less  water  should  be  given  when  for 
grains  or  fruits. 

b.  To  the  depths  of  the  roots : — The  application  should  be  more 
frequent  to  the  plants  of  which  the  roots  are  superficial ;  less  frequent 
to  deeper  roots. 

c.  To  the  structure  of  the  foliage : — Those  which  evaporate  much 
(such  as  plants  with  large  leaves)  more  frequently  than  perennial,  or 
plants  with  thick  leaves. 


Mohun  on  Irrigation  in  British  Columbia'  151 

d.  To  the  consistence  of  tlic  stalks  and  of  the  roots: — Roots  with 
fleshy  fibres  do  not  thrive  if  too  abundantly  watered;  at  the 
same  time  they  are  injured  by  dryness.  Tuberculous  or  bulbous 
wants,  or  plants  with  fleshy  leaves,  can  bear  a  long-continued  dryness, 
and  therefore  infrequeut,  yet  abundant,  watering  suits  them  well. 

e.  To  the  stage  of  vegetation  : — It  is  important  to  bear  in  mind 
that  young  germinating  plants  require  light  and  frequent  waterings ; 
those  that  are  in  the  height  of  growth  abundant  waterings  ;  and  when  the 
fruit  or  seed  is  being  matured  the  waterings  should  be  infrequent. 

Those  that  have  been  transplanted  require  abundant  watering. 
/.   To  the  nature   of  the  soil,  according  to  which   the  rules  must  be 
modified  : — The  lighter  the  soil  the  more  frequent  and  plentiful  must 
be  the  waterings.     If  it  is  a  compact  and  clayey  soil,  less  watering 
will  be  required. 

g.  To  the  state  of  the  atmosphere : — It  will  be  readily  conceived 
that  the  watering  must  be  more  frequent  when  the  temperature  is  high, 
the  sky  clear,  and  the  air  dry,  and  during  drought. 

Quantities  necessary  in  Europe,  Africa  and  Asia. 

In  connection  with  the  subject  it  will  be  well  to  consider  the  quanti- 
ties estimated  to  be  necessary  in  different  localities,  when  irrigation  on 
an  extensive  scale  is  carried  on  ;  and  Mr.  Burnell  gives  the  following 
figures  : 

Grau  d' Aries 932  cubic  feet  per  acre  a  day. 

Haute  Garonne 622     "         "  "       "  "     " 

Algeria 244     "         "  "       "  "     " 

Eastern  Pyrenees 205     "         "  "      '■  "     " 

East  Indies 400     "         "  "       "  "     " 

South  of  France 1200     "         "  "       "  "     " 

The  first  and  last  of  these  quantities  Mr.  Burnell  (and  probably  the 
reader  will  agree  with  him)  considers  excessive.  He  also  states  that  the 
successful  cultivation  of  rice  is  estimated  to  require  1440  cubic  feet  a  day; 
but  as  rice  is  an  essentially  aquatic  plant,  requiring  to  be  constantly  im- 
mersed in  water  during  its  growth,  while  it  cannot  be  cultivated  with 
success  north  of  the  46th  parallel,  its  irrigation  need  not  now  be  taken 
into  consideration. 

In  that  part  of  the  Sahara  which  is  contiguous  to  the  French  posses- 
sions in  North  Africa,  much  has  been  done  in  the  way  of  irrigation, 
during  the  last  few  years,  by  means  of  artesian  wells.  Throughout 
the   low-lying  portions   of  the   Algerian  Sahara,  there  appears  to  be 
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an  abundance  of  subterranean  waters,  which  only  require  an  outlet 
to  the  surface  to  cause  the  wilderness  to  blossom  as  the  rose.  The 
first  French  well  was  bored  in  1856,  which  yielded  about  82  iuches  -r 
and  by  the  1st  October,  1885,  there  were  in  the  Oned  Rir,  a 
valley  about  one  hundred  and  twenty  miles  long,  one  hundred  and 
fourteen  artesian  wells,  and  four  hundred  and  ninety-two  natural 
springs,  yielding  about  5,100  inches.  Nor  has  this  large  flow  affected 
the  yield  of  the  older  wells.  The  "  Socie'te  de  Batna  et  du  Sud  Alge- 
rien,"  formed  in  1881,  in  the  first  five  years  of  its  existence,  sank  seven 
wells  yielding  527  inches,  reclaimed  one  thousand  acres  of  desert, 
planted  more  than  fifty  thousand  date  palms,  constructed  twenty-five 
miles  of  irrigation  ditches,  and  built  houses  for  the  cultivators  and 
company's  agents,  and  have  already  derived  a  revenue  in  round 
numbers  of  $100,000.    (Chambers'  Journal.) 

SYSTEMS    OF    IRRIGATION. 

In  Lombardy  the  bedwork  system  of  irrigation  is  generally  adopted, 
in  which  the  land  to  be  irrigated  is  thrown  up  into  ridges,  the  more 
compact  the  soil  the  wider  the  ridge.  On  the  summit  of  the  ridge  is  the 
shallow  feeder  or  floating  trough,  from  which  the  water  is  shed  over 
the  gently  sloping  sides  of  the  ridge.  The  usual  dimensions  of  the 
floating  troughs  are  about  20  inches  wide  at  their  junctions  with  the 
conductors,  decreasing  in  width  to  about  12  inches  at  their  lower  ends, 
while  they  are  generally  about  70  yards  long.  The  main  conductor, 
from  which  the  floating  troughs  are  supplied,  is  usually  but  not  neces- 
sarily at  right  angles  to  them,  and  the  water  is  commonly  turned  off 
by  closing  the  upper  end  of  the  floating  trough  with  a  sod.  Between 
the  ridges  are  small  drains  in  which  the  superfluous  water  is  collected 
and  conveyed  to  a  main  drain,  from  which  it  is  either  again  used  to 
irrigate  lower  lying  lands,  or  returned  to  the  stream  from  which  it  was 
originally  taken. 

Figure  3  shews  how  with  favourable  natural  contours  a  comparatively 
small  amount  of  water  can  be  of  very  considerable  service. 

In  the  Figure  AA  is  the  main  conductor,  BB  the  main  drain, 
a  a  are  the  floating  troughs,  b  b  the  drains,  c  c  are  either  conductors  or 
drains  according  to  circumstances,  D,  E,  F,  Gr,  H&L,  being  hatches  or 
sluices  for  the  direction  of  the  water.  It  is  obvious  that  by  opening  or 
closing  the  hatches  as  circumstances  dictate,  the  whole  or  any  portion 
of  the  water  can  be  directed  to  any  particular  section,  aud  the  super- 
fluous water  from  one  division  used  upon  a  lower  one.     In  mountainous 
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districts   the  main   conductors  have  frequently   a  fall  of  1  in  500 ;  in 
the  plains  the  fall  usually  is  from  1  in  1500  to  1  in  3500. 

In  the  catchwater  system,  extensively  used  in  the  water  meadows 
of  England,  though  generally  considered  inferior  to  the  bed  work,  the 
water  is  conveyed  along  the  side  of  a  slope  in  a  nearly  level  ditch 
without  an  outlet.  As  soon  as  the  ditch  is  full,  its  contents  begin  to 
flow  over  the  lower  bank ;  at  distances  of  about  30  feet,  other  level 
ditches  on  contour  lines  without  outlets  are  formed,  which  collect  and 
redistribute  the  water  over  the  next  lower  area,  when  it  is  again 
caught  and  redistributed,  until  it  finally  reaches  the  lowest  ditch,  which 
is  a  drain. 

A  third  method,  that  of  sub-irrigation,  has  been  employed  both  in 
England  and  in  the  United  States,  generally  for  the  purpose  of  util- 
izing and  disposing  without  offence  of  liquid  sewage.  It  has  been 
received  with  favour  by  some  persons,  and  has  been  adopted  on  free 
soils  with  apparent  success,  but  as  the  liquid  is  distributed  through 
the  subsoil  by  underground  pipes  which  are  out  of  sight,  the  pro- 
cess is  liable  to  objections  which  sanitarians  cannot  fail  to  recognize  and 
appreciate. 

The  foremost  of  these  objections  is  the  fact  that  the  distributing 
pipes  must  sooner  or  later  become  choked  with  the  minute  solid 
matters  held  by  the  liquid  refuse  in  suspension,  and  when  this  is  the 
case  an  "  excrement  sodden  "  condition  of  soil  is  produced.  A  stop- 
page can  only  be  detected  by  positive  signs  of  wetness  on  the  surface, 
and  not  until  the  evils  produced  by  exhalations  from  excrementitious 
matter  may  have  gained  an  ascendency.  Mr.  Rogers  Field  has  done 
much  to  overcome  these  objections.  The  drains  by  which  he  effects 
the  distribution  of  the  liquid  consist  of  common  agricultural  drain  pipes, 
laid  some  10  or  12  inches  below  the  surface  upon  a  continuous  bed 
of  larger  half  pipes.  This  bed  is  not  disturbed  when  the  pipes  are  taken 
up  to  be  cleaned,  which  ensures  their  being  readily  re-laid  in  true  posi- 
tion. The  sewage  flows  out  of  the  joints  into  the  soil  and  feeds  the  vege- 
tation, and  the  concentrations  of  the  flow,  effected  by  the  sudden  dis- 
charge of  a  regulator  or  flush  tank,  with  which  the  pipes  are  con- 
nected, forces  the  liquid  rapidly  along  them. 

In  deference,  however,  to  the  wide  experience  of  Mr.  Rogers  Field, 
and  to  the  practical  results  obtained  by  Mr.  Waring  of  Newport, 
U.  S.  A.,  who  has  adopted  this  means  of  sewage  utilization  in  various 
instances  in  America,  it  is  only  right  to  append  an  extract  from  one 
of  this  last-named  gentleman's  letters  on  this  subject. 

In  it  he  says ;  "  I  am  carrying  out  the  principles  of  sewage  util- 
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zation  here  to  some  extent,  not,  however,  in  surface  irrigation,  but 
in  the  distribution  of  screened  sewage  by  means  of  flush  tanks  of 
larger  capacity,  and  of  sub-irrigatiou  by  draining  tiles  laid  about  10 
inches  below  the  surface  of  the  ground.  Some  of  this  work  dates 
back  to  1869,  and  in  one  instance  I  have  disposed  in  this  manner  of 
the  sewage  of  a  village  of  about  1500  inhabitants,  and  in  another  of 
the  outflow  of  a  prison  producing  about  30,000  gallons  per  day, 

"In  every  instance  the  result  has  been  most  satisfactory,  and  I  have 
large  works  of  the  same  character  now  on  hand."      (Bailey-Denton.) 

The  sub-irrigation  of  drained  land  is  also  accomplished  by  closing 
the  outlets  of  the  drains,  when  the  surface  becomes  too  dry,  and  thus 
holding  back  the  water  in  the  soil,  a  very  convenient  method  in  land 
which  has  been  over-drained.  This  system  is  in  use  to  a  considerable  extent 
in  Switzerland,  and  has  been  common  in  Persia  for  a  great  length  of 
time.  A  system  of  irrigation  known  in  England  as  "  warping  "  is  com- 
mon in  many  countries ;  under  this  the  land  is  flooded  with  water, 
having  a  large  amount  of  mineral  substances  in  suspension,  the  water 
being  retained  upon  the  land  until  the  fertilizing  matter  has  been 
deposited. 

In  British  Columbia  it  has  not  been  found  practicable  in  many 
instances,  owing  mainly  to  the  high  price  of  labour,  to  properly  prepare 
the  surface  for  the  reception  of  the  water,  and  it  is  obvious  that  were 
such  preparations  made,  a  smaller  quantity  of  water  than  is  now  in 
such  cases  used  would  be  required,  as  we  more  nearly  approached  to 
its  most  economical  distribution.  In  this  province  neither  the  bed- 
work  nor  catchwater  systems  have  been  adopted  in  their  integrity. 
The  more  general  method  in  use  appears  to  be  derived  from  the  former. 
The  ground  is  frequently  formed  in  narrow  ridges,  and  the  water  is 
carried  in  the  hollows  between  them,  instead  of  as  in  the  bedwork 
system  proper  on  top  of  them,  and  finds  its  way  to  the  higher  por- 
tions of  the  ridge  by  capillary  attraction,  so  that  in  effect  the  lower 
part  of  the  ridge  is  watered  by  surface  and  the  upper  part  by  sub- 
irrigation ;  a  curious  example  of  a  combination  of  different  principles. 
The  method,  however,  appears  a  successful  one.  Grass  crops  are  gener- 
ally flooded  to  a  depth  of  a  few  inches  at  each  period  of  irrigation ; 
the  depth  varies,  and  depends  mainly  on  the  amount  at  the  disposal 
of  the  agriculturist. 

In  California,  where  irrigation,  under  somewhat  similar  conditions 
of  climate  and  soil  as  those  which  obtain  in  this  province,  has  proved 
most  successful,  it  is  customary  among  the  ditch  companies  to  charge 
the   farmer  for   one   cubic   foot  of  water   a  second, — 34  inches, — for 
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each  one  hundred  and  sixty  acres  under  cultivation,  equivalent  to 
5-10  cubic  feet  per  acre  a  day,  or  a  monthly  rainfall  of  4^  inches,  of 
which  it  is  estimated  that  not  more  than  about  J  is  actually  absorbed . 

The  managing  director  of  a  company,  engaged  in  extensive  irri- 
gating operations,  stated  in  answer  to  enquiry  :  "  In  the  San  Joaquiu 
Valley  in  the  beginning  of  the  farming  season,  a  furrow  is  turned  up 
all  round  the  track,  thus  forming  a  check,  and  the  water  is  turned 
on  until  the  land  is  so  thoroughly  saturated  that  it  will  absorb  no 
more.  This,  with  the  few  inches  of  rain  that  fall  in  the  spring,  is 
often  enough  to  mature  a  crop  of  wheat,  barley,  etc.  If  not,  then  as 
the  heads  begin  to  fill  out,  uthat  is  six  weeks  or  two  months  before 
maturity,  the  necessary  amount  of  irrigation  has  to  be  applied." 

It  is  obvious  that  such  a  method  as  this  is  only  applicable  to  very 
level  land.  It  is  also  to  be  remarked  that  there  is  no  special  irriga- 
tion season  for  grass  in  that  state,  the  climate  permitting  this  crop  to 
be  irrigated  all  the  year  round  or  nearly  so. 

Mr.  Amos  Bowman  remarks  as  follows  : 

The  quantity  of  water  required  to  irrigate  an  acre  varies 
considerably,  depending  chiefly  upon  the  crop.  Vines  require  very 
little  ;  none  after  they  are  rooted.  Other  fruit  requires  irrigation. 
An  inch  of  water  running  night  and  day  will  irrigate  from  one  to 
ten  acres  for  some  products.  For  grass  and  clover,  10  inches,  run- 
ning three  days  in  the  week  (of  24  hours  each),  would  irrigate  ten 
acres.  Perhaps  a  constant  flow  of  five  inches  to  every  ten  acres 
would  be  near  the  mark,  in  other  products  one  half  an  inch  to  the  acre. 

The  few  results  obtained  by  the  writer,  as  examples  of  the  quantity  of 
water  required  to  irrigate  an  acre,  may  be  stated  as  follows : 

For  hay,  one  inch  to  half  an  inch  per  acre,  running  night  and 
day. 

For  berries  and  newly  planted  vines,  one  half  to  one  quarter  iuch  per 
acre,  running  night  and  day. 

For  trees,  one  quarter  to  one  tenth  of  an  inch  per  acre,  running  night 
and  day. 

About  eleven  years  ago  a  Mr.  Pike  sank  an  artesian  well  in  the  San 
Joaquin  Valley,  268  feet  deep,  which  it  is  stated  cost  between  $400 
and  $500.  The  flow  from  this  well  was  estimated  at  about  18,000 
cubic  feet  a  day,  between  7  and  8  inches,  and  it  was  claimed  to  have 
successfully  irrigated  about  10  acres  of  barley,  5  acres  of  wheat,  5 
acres  of  English  peas,  2  acres  of  Chinese  sugar  cane,  4  acres  of  oat 
hay,  1^  acres  of  corn,  besides  a  small  orchard  and  vegetable  garden, 
in  all  say  from  28  to  30  acres  ;  or  approximately  that  one  inch  irrigated 
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four  acres  of  hind.  In  California  the  extensive  tracts  of  land  which 
can  be  cultivated  with  the  aid  of  irrigation  encourage  the  formation 
by  joint  stock  companies  of  irrigation  ditches  on  too  large  a  scale, 
and  generally  of  too  costly  a  character,  to  be  undertaken  by  individuals. 

Among  them  may  be  mentioned  : 

The  Rodes  Ditch length  about  10  miles,  cost  about  $10,000 

Lower  King's  River  Ditch.    "  "       13      "        "        "       28,000 

Last  Chance  Ditch "  "       20      "        "         «        60,000 

Mussel  Slough  Ditch «  "       60       <;        "         "       60,000 

The  People's  Ditch "  "       45       "        «         u     100,000 

The  Settlers  Ditch "  "       20       "        "         "       30,000 

The  Lake  Side  Ditch "  "       30       "        «         "       50,000 

The  foregoing  are  some  only  of  the  larger  ditches.  Since  the  date 
at  which  these  notes  were  taken  several  very  costly  ones  have  been 
constructed,  of  which  the  author  cannot  give  any  details.  During  the 
past  ten  or  twelve  years  considerable  additions  to  the  water  supply  for 
agriculture  in  California  have  been  obtained  from  artesian  wells. 

IRRIGATING  DISTRICT  OP  BRITISH  COLUMBIA. 

The  district  in  this  province  in  which  irrigation  is  required  may  be 
roughly  described  as  the  elevated  plateau  lying  between  the  Cascades 
and  the  Rocky  Mountains.  It  is  broken  by  smaller  mountain  ranges* 
and  spurs  from  the  main  chains ;  its  elevation  varying  from  about  800 
to  3000  feet  above  the  sea.  The  soil  of  the  benches  and  terraces  and 
irregular  slopes  of  some  of  the  valleys,  which  were  once  probably  the 
bed  of  a  large  lake,  is  extremely  fertile  when  cultivated,  and  has  been 
described  as  composed  of  modified  or  redistributed  drift,  modern 
alluvium,  etc.,  and  is  chiefly  the  product  of  the  disintegration  and 
rearrangement  of  the  boulder  clay,  though  mixed  also  with  the  detritus 
from  local  rocks  since  the  glacial  period,  which  has  been  carried  down 
by  rivers,  when  flowing  at  a  higher  level  as  they  seem  here  to  have  flowed 
in  the  past.    (See  Report  Geol.  Sur.  of  Canada.) 

It  appears  that,  at  a  greater  elevation  than  about  2000  feet,  summjr 
frosts  prevent  successful  cultivation  as  a  general  rule ;  though  in  some 
instances,  owing  to  favourable  local  conditions,  cultivation  has  proved 
remunerative  of  greater  elevations.  A  curious  instance  of  the  uncer- 
tainty of  obtaining  a  crop  occurs  at  Douglas  Lake,  Nicola  Valley ;  the 
Lake  is  4  or  5  miles  long  at  an  elevation  rather  over  2000  feet,  the  soil 
at  its  head  and  foot  appears  identical,  and  the  conditions  seem  precisely 
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similar,  yet  both  Whites  and  Indians  agree  that  the  crops  at  the  head 
of  the  Lake  are  very  uncertain,  while  at  the  foot  they  rarely  fail. 

IRRIGATION  ESSENTIAL. 

It  must  he  understood  that  in  the  section  of  country  referred  to, 
with  a  few  notable  exceptions,  such  as  the  Spellamchcen  Valley,  culti- 
vation cannot  be  successfully  carried  on  without  irrigation.  This  is 
usually  applied  three  or  four  times  in  the  season,  commencing  in  April, 
at  intervals  of  from  twenty  to  thirty  days. 

SOURCES  OP    SUPPLY. 

The  main  stream  of  the  Fraser  and  Thompson  Rivers  lie  too  fat 
below  the  fertile  benches  in  their  valleys  to  render  their  boundless 
resources  available  except  by  pumping ;  this  is  unfortunate,  for  their 
waters  contain  an  enormous  amount  of  fertilizing  matter  in  suspen- 
sion. The  principal  supplies  are  derived  from  the  smaller  mountain 
streams,  which  generally  attain  their  greatest  volume  in  May,  the  month 
in  the  commencement  of  which  the  largest  quantity  is  required;  during 
the  two  succeeding  months  they  fall  very  rapidly,  and  in  dry  summers 
there  may  be  a  scarcity  towards  the  latter  end  of  the  irrigation 
season. 

When  it  is  practicable,  to  select  from  different  sources  of  supply,  which 
is  rarely  the  case  in  British  Columbia,  the  broad  rule  would  appear, 
to  be  that,  the  water  which  has  been  longest  exposed  to  the  air  is  the 
best  for  the  purpose,  and  it  is  on  this  "round  that  it  is  advisable  to 
construct  the  main  conductors  wide  and  shallow  ;  and  though  this 
form  leads  to  a  greater  lo<s  by  evaporation,  it  also  diminishes  to  an 
appreciable  extent  the  lateral  pressure  on  the  banks.  Water  from  lakes 
and  large  streams  is  generally  of  such  a  temperature  as  to  be  per- 
mitted to  run  without  cessation  ;  but  when  obtained  from  cold  springs 
and  short  snow-fed  streams,  it  is  sometimes  necessary  to  shut  it  off 
during  the  night.  Authorities  on  this  subject  appear  to  consider  that 
the  best  water  for  irrigation  is  obtained  from  artesian  wells  of  consid- 
erable depth,  on  account  of  its  temperature,  and  also  on  account  of  the 
mineral  elements  usually  contained  in  it. 

The  artesian  wells  of  Dakota  are,  perhaps,  the  most  remarkable 
examples  of  their  kind  which  have  ever  been  opened,  both  as  regards 
the  pressure  and  the  volume  of  the  escaping  water.  More  than  one 
hundred  wells,  from  500  feet  to  1,600  feet  deep,  are  at  present  in 
successful  operation  in  the  district  north  of  Yankton,  and  they  yield  a 
constant  stream  of  water  which   is  apparently  never  affected  by   any 
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of  the  surrounding  influences.  The  pressure  of  the  water  is  abnormally 
high  in  many  instances,  and  up  to  180  lbs.  per  square  inch  has  beeo 
registered  by  the  gauges.  (Industries. )  Artesian  wells  have  not  yet 
been  sunk  in  this  province ;  the  Provincial  Government,  however,  last 
year  commenced  an  experimental  bore  iu  the  valley  of  the  South 
Thompson  River. 

Mr.  Bailey-D.'nton  says : 

In  the  "conclusions"  arrived  at  by  the  "  Rivers  Pollution  Com- 
missioners," the  average  composition  of  "  unpolluted  waters  "  is  given 
in  the  following  form  : 

Results  of  analysis  expressed  in  parts  per  100,000. 
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Without  venturing  to  express  an  opinion  upon  the  precise  meaning 
of  '"'  previous  sewage  or  animal  contamination,"  the  heading  of  one  of 
the  columns,  these  figures  shew  an  exceptionally  large  amount  of  fer- 
tilizing matters  in  the  waters  from  deep  wells. 

Temporary  hardness  is  hardness  due  to  calcic  or  magnesic  carbonates, 
and  can  be  got  rid  of  by  boiling  the  water.  Permanent  hardness  is 
hardness  due  to  calcic  or  magnesic  sulphates,  and  cannot  be  got  rid  of 
by  boiling.  One  grain  of  bicarbonate  or  sulphate  of  lime  in  a  gallon 
of  water  is  expressed  as  one  degree  of  hardness  per  gallon. 

It  must  not  be  inferred  from  previous  remarks,  that  the  table  land  of 
which  we  are  speaking  is  badly  watered  for  purposes  other  than  those  of 
irrigation.     On  the  contrary,  the  whole  surface  of  the  country  is  dotted 
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with  lakes  and  traversed  by  streams,  varying  in  size  from  the  Fraser 
River  to  the  tiniest  rivulet,  though  frequently,  from  their  positions  and 
the  large  outlay  required  before  they  can  be  utilized,  they  are  practically 
excluded  from  being  classed  among  the  available  sources  of  supply. 

RAINFALL. 

The  following  table  shews  the  rainfall  in  the  irrigating  and  non-irri- 
gating districts  of  British  Columbia,  during  the  irrigation  season  of 

1-77. 

IRRIGATING   DISTRICT. 

Place.                               April.  May.  June.  July.  Total. 

Spcnce's  Bridge 0.38  1.41  0.75  1.25  3.79 

Cache  Creek 1.03  1.10  1.35  1.22  4.70 

Kamloops 0.78  1.42  1.67  0.59  4.46 

Okanagan       0.22  1.75  2.15  1.42  5.54 

NON-IRRIGATING   DISTRICT. 

Place.  April.       May.       June.     fJuly.       Total. 

Spellamchecn 1.38        1.84        1.65        1.82       6.69 

Hope 1.71        1.84        2.20        1.38       7.13 

New  Westminster 1.55        1.62        2.65        1.03        6.85 

The  above  table  shews  an  average  in  the  irrigating  district  of  137, 
and  in  the  non-irrigating  district  of  205  cubic  feet,  per  acre  a  day,  or 
half  as  much  again  in    the  latter  case  as  in  the  former. 

The  years  1877  and  1878  were,  however,  dry  seasons  in  the  non-irri- 
gating, though  fully  up  to  the  average  rainfall  in  the  irrigating  district. 
The  mean  rainfall  in  New  Westminster  for  14  years  was  for  the  above 
months,  3, 18,  2.41,  2.42,  and  1,67  respectively,  equivalent  to  288  cubic 
feet  per  acre  a  day.  The  rainfall  in  May,  1878,  at  Kamloops  was  1.85 
inches,  equivalent  to  216  cubic  feet  per  acre  a  day,  and  it  appeared 
to  be  the  general  opinion  that  with  a  similar  rainfall  during  the  season 
irrigation  might,  at  all  events  to  a  very  great  extent,  be  dispensed  with. 

It  must  be  remembered,  however,  that  as  art  cannot  compete  with 
nature  in  the  equable  distribution  of  water,  a  larger  quantity  is  required 
for  artificial  irrigation  than  would  constitute  an  abundant  rainfall.  And 
it  may  further  be  observed  that  the  rainfall  which  would  constitute  an 
ample  supply  for  the  generally  retentive  soils  of  the  lower,  would  possi- 
bly prove  inadequate  for  some  of  the  soils  of  the  upper  country. 

Further,  in  the  irrigating  district,  a  heavy  precipitation  is  often  the 
esult  of  sudden  and  violent  storms,  the  effect  of  which  is  sometimes 
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more  injurious  than  beneficial.  An  instance  of  this  occurred  on  the 
20th  July,  1878,  when  a  sudden  storm  burst  on  the  Bonaparte  Valley, 
with  the  result  that  several  acres  of  cultivated  land  were  covered  with 
wash  gravel,  the  crops  destroyed,  and  that  portion  of  the  farm  rendered 
worthless.  It  is  obvious  that  such  a  storm  would  largely  increase  the 
registered  rainfall,  though  its  effects  were  simply  disastrous.  In  the 
farming  lands  of  the  non-irrigating  district,  storms  of  this  description 
are  almost  unknown,  the  rain  falling  more  frequently  and  less  violently, 
and  with  a  corresponding  increase  of  beneficial  effect. 

LOSSES   OP   WATER. 

There  are  three  principal  heads  under  which  the  losses  of  water  after 
leaving  the  reservoir  or  stream  may  be  classified,  namely  : — 

Loss  by  evaporation, 

Loss  by  leakage  in  transit,  and 

Loss  in  distribution. 

As  regards  the  first  there  are  no  data  derived  from  experiments  in 
this  province  from  which  to  deduce  any  conclusions.  In  California 
loss  by  evaporation  does  not  appear  to  be  taken  into  consideration. 

On  this  point  the  following  are  the  opinions  of  some  eminent  English 
engineers : — 

Mr.  Bateman  places  the  loss  by  evaporation  at  from  9  to  16  inches, 
with  an  average  of  12  inches. 

Mr.  Hemans  allows  from  12  to  14  inches. 

Mr.  Duncan  estimates  11  or  12  inches  as  the  constant  loss  at  Liver- 
pool, and  found  the  loss  varied  little,  even  with  considerable  difference 
of  rainfall. 

Mr.  Hawksley  says:  "Evaporation  is  more  nearly  15  inches  than 
any  other  quantity." 

Careful  experiments,  extending  over  a  period  of  25  years,  made  in 
Hertfordshire,  England,  shewed  that  with  a  mean  annual  rainfall  of 
26.609  inches,  the  mean  percolation  was  8.227  inches,  and  the  mean 
loss  by  evaporation  18.382  inches. 

Mr.  Dempsey  quotes  the  following  results  of  experiments  made  in 
Yorkshire  during  five  consecutive  years :  mean  annual  rainfall  24.6, 
mean  annual  percolation  4.82,  which  gives  double  the  loss  by  evapora- 
tion recorded  in  Hertfordshire. 

Dr.  Dalton  gives  the  following  results  :  mean  annual  rainfall  33.56 
inches,  mean  evaporation  25.158,  and  mean  percolation  8.402. 

By  another  set   of  observations,  quoted  by  Dempsey  and  also  by 
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Haskoll  we  have  :  mean  annual  rainfall  26.614,  mean  percolation  11.294, 
mean  evaporation  15  32  inches. 

To  tabulate  them  we  have 

Rainfall.     Evaporation.     Percolation. 

1st 26.609  18.382  8.227 

2nd 24.6  19.78  4.82 

3rd 33.56  25.158  8.402 

4th 26.614  15.32  11.294 

The  mean  of  these  various  independent  observations  would  give  rain- 
fall 27.846  inches,  evaporation  19.66,  percolation  8.186,  or  in  round 
numbers  the  loss  by  evaporation  would  be  about  seven-tenths,  leaving 
about  three-tenths  of  the  whole  rainfall  for  percolation. 

These  results,  however,  are  for  the  entire  year  ;  during  the  summer 
months  the  evaporation  is  probably  much  greater. 

The  amount  lost  in  transit  by  leakage  and  evaporation  has,  in  some 
cases,  been  estimated  at  50  per  cent,  of  the  amount  eutering  at  the  head 
of  the  ditch.  It  is  obvious  that  the  quantity  lost  through  these  causes 
depends  upon  the  construction,  the  length  and  exposure  of  the  ditch. 
The  loss  by  filtration  may  often  be  reduced  by  the  construction  of  tim- 
ber flumes  when  the  soil  is  porous,  and  by  throwing  into  the  ditch  at 
intervals  small  quantities  of  soil,  which  being  first  carried  along  in  sus- 
pension, and  then  gradually  deposited,  assist  the  consolidation  of  the 
bottom  and  banks. 

The  main  conductors  are  often  necessarily  carried  along  steep  side 
hills,  and  around  bluffs  and  across  ravines  in  timber  flumes.  These 
ditches  and  flumes  have  generally  been  set  out  and  constructed  by 
their  owners,  and  as  a  rule  most  successfully,  though  in  some  instances 
too  great  a  gradient  having  been  adopted,  overfalls  have  been  found 
necessary  at  intervals  to  reduce  the  velocity  which  threatened  serious 
damage.  In  one  or  two  instances  when  the  water  refused  to  disobey 
the  laws  of  gravity  and  flow  up  hill,  heavy  losses  have  been  the  result 
to  the  unfortunate  projectors. 

The  loss  in  distribution  may  be  reduced  to  a  minimum  by  the  proper 
preparation  of  the  surface  for  the  reception,  and  by  making  adequate 
provision  for  the  distribution  of  the  water.  No  hard  and  fast  rules  can 
be  laid  down  by  which  to  estimate  these  losses,  each  case  must  be 
treated  on  its  individual  merits. 

QUANTITY    OF    WATER. 

It  has  been  customary  in  this  province  to  record  and  claim  one  inch 
of  water  per  acre,  or  2536  cubic  feet  per  acre  a  day.    As  to  the  amount 
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necessary,  one  cubic  foot  a  second,  or  34  inches,  will  cover  four  acres 
to  a  depth  of  over  six  inches  in  a  day,  which  certainly  appears  to  be  a 
not  unreasonably  low  estimate  of  the  quantity  required  at  each  period 
of  irrigation. 

On  this  assumption,  and  that  the  land  requires  irrigating  once  in  25 
days.  34  inches  will  irrigate   one  hundred  acres  of  land,  and  34  inches 
on  100  acres  is  equivalent  to  864  cubic  feet  per  acre  a  day.     Judging 
from  the  quantities  given  by   Mr.  Burnell  as  required  in  Europe  this 
amount  should  prove  ample. 

It  is  generally  considered  by  engineers  that  from  one-half  to  two- 
thirds  of  the  whole  quantity  delivered  is  lost  or  wasted.  Now  the  amount 
delivered  at  each  period  of  irrigation  on  one  four  acre  tract  is  86,400 
cubic  feet,  or  21,600  cubic  feet  per  acre  a  day  ;  deducting  three-fourths 
of  that  amount  for  all  losses,  we  have  5,400  cubic  feet  per  acre  at  each 
period  of  irrigation,  or  a  daily  average  throughout  the  irrigation  season 
of  216  cubic  feet  per  acre  per  day  actually  utilized,  equivalent  in  round 
numbers  to  a  monthly  absorption  of  1.8  inches  of  rain.  As,  however,  it 
is  doubtful  if  more  than  one-third  of  any  rainfall  is  actually  absorbed, 
this  amount  may  fairly  be  taken  as  equivalent  to  from  5  to  6  inches  of 
rainfall.  With  such  a  rainfall  it  is  certain  that  irrigation  would  be 
unnecessary.  If  the  superfluous  water  be  utilized  on  lower  lying  lands, 
the  result  will  be  found  to  be  an  approximation  to  the  Californian 
standard  of  one  cubic  foot  a  second  for  each  one  hundred  and  sixty 
acres  under  cultivation. 

In  the  author's  opinion  34  inches  delivered  upon  the  land  will  be 
found  ample  to  irrigate  from  100  to  150  acres  of  cereals  or  roots  accord- 
ing to  position  and  soil. 

It  is  generally  considered  that  grass  requires  a  larger  supply  of  water 
than  grain,  and  in  estimating  that  quantity  we  are  again  confronted  by 
a  total  want  of  data  in  this  province ;  but  since  it  is  known  that  rice 
needs  1440  cubic  feet  per  acre  a  day,  it  would  appear  reasonable  to 
assume  an  approximate  mean,  say  45  inches  delivered  on  the  ground, 
for  sach  hundred  acres  of  grass  under  cultivation. 

In  assuming  these  quantities  it  is  thought  that  an  ample  margin  has 
been  left  for  all  losses  in  distribution,  and  the  author,  though  anxious 
nut  to  under-estimate  the  quantity  required,  feels  considerable  doubt  as 
to  whether,  with  proper  construction  and  handling,  two -thirds  of  the 
amount  would  not  prove  sufficient. 

To  L'ive  an  example  of  the  enormous  quantities  supposed  by  some  to 
be  required  :  on  a  certain  farm  it  was  found  that  the  main  conductor 
close  to   the  land  to  be  irrigated  had  a  velocity  of  2.35  feet  a  second, 
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with  an  area  of  1.25  square  feet,  ?qual  to  a  daily  discharge  of  253,800 
cubic  feet  or  100  inches.  It  was  stated  that  the  season  lasted  ninety 
days,  that  the  irrigated  area  comprised  about  50  acres  of  grass  and  30 
acres  of  grain,  that  during  sixty  days  the  grass  received  the  water  and 
during  thirty  days  the  graia.  We  have  then  the  astounding  result,  that 
throughout  the  season  the  grass  received  an  average  of  3,384,  and  the 
grain  2,820  cubic  feet  per  acre  a  day,  equivalent  to  over  26  inches  of 
rainfall  a  month,  or  enough  in  ninety  days  to  convert  the  whole  area 
into  a  lake  over  6|-  feet  deep.  Probably  not  more  than  one-tenth  was 
of  actual  service,  and  when  compared  with  other  results,  it  will  appear 
that  in  this  case  at  least  the  supply  exceeded  the  legitimate  demand. 

DRAINAGE. 

In  this  province  but  little  has  been  done,  and  in  most  cases,  from  the 
natural  contour  of  the  land  and  the  character  of  the  sub-soil,  but  little 
requires  to  be  done  for  the  purpose  of  removing  the  surplus  irrigation 
water.  When,  however,  it  does  not  naturally  and  rapidly  flow  off,  its 
drainage  is  as  essential  as  its  original  introduction. 

PALL   OF   MAIN   CONDUCTORS. 

It  is  apparent  that  the  main  conductors  are  frequently  constructed 
with  too  heavy  grades,  and  it  is  suggested  that  the  velocity  should  not 
be  greater  than  from  1  to  2  feet  a  second  through  earth,  and  3  to  4  or 
5  feet  in  timber  flumes. 

With  regard  to  flaw  in  open  channels,  Colonel  Waring  calls  attention 
to  a  result  he  has  observed  in  the  flow  of  sewers  in  the  following  words  : 

"  One  principle  is  very  apt  to  be  disregarded  in  regulating  the  size  of 
sewers  ;  that  is,  that  after  water  has  once  fairly  entered  a  smooth  conduit, 
having  a  fall  or  inclination  towards  its  outlet,  the  rapidity  of  the  flow  is 
constantly  accelerated  up  to  a  certain  point,  and  the  faster  the  stream 
runs  the  smaller  it  becomes  ;  consequently,  although  the  sewer  may  be 
quite  full  at  its  upper  end,  the  increasing  velocity  soon  reduces  the  size 
of  the  stream,  and  gives  room  for  more  water.  It  is  found  possible,  in 
practice,  to  make  constant  additions  to  the  volume  of  water  flowing 
through  a  sewer  by  means  of  inlets  entering  at  short  intervals,  and  the 
aggregate  area  of  the  inlets  is  thus  increased  to  very  many  times  the 
area  of  the  sewer  itself." 

The  author  has  on  two  or  three  occasions  observed  results  confirm- 
atory to  a  certain  extent  of  this  statement,  and  would  be  glad  to  learn 
whether  the  point  has  attracted  the  attention  of  others,  and  how  far  it 
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is  available  in  practice.  Except  by  Colonel  Waring,  he  has  never  seen 
the  matter  referred  to  in  any  works  of  reference  to  which  he  has  access, 
and  though  probably  of  not  much  practical  importance  in  the  construc- 
tion of  such  channels  as  drainage  and  irrigation  ditches,  he  would  submit 
that  it  may  prove  a  serious  point  for  consideration  in  designing  such 
costly  subterranean  works  as  sewers. 

From  the   drawings  accompanying  this  paper  Plate  VII  has  been 
prepared. 


CORRESPONDENCE. 

Mr.  M.  J.  Butler  said  that  he  believed  the  subject  of  irrigation  to  be  Mr.  Butler, 
one  of  the  most  important  in  this  country,  applicable  not  only  to  the 
regions  of  slight  rainfall,  but  largely  to  the  whole  of  Ontario  and 
parts  of  Quebec.     With  irrigation  and  proper  drainage,    for  the  two 
should  go  together,  a  certain  crop  is  insured  year  after  year. 

In  Italy,  where  the  rainfall  is  quite  equal  to  our  own,  viz.,  about 
39  inches,  enormous  sums  of  money  have  been  spent  in  irrigation 
works. 

"  In  France,  Italy  and  most  of  India  the  rainfall  is  ample  for  ordi- 
nary crops,  irrigation  is  adopted  to  prevent  the  failure  of  crops  by 
droughts.  These  reasons  apply  equally  as  well  to  all  other  countries  ; 
the  general  impression  that  irrigation  is  only  necessary  and  useful  in 
dry  countries  is  entirely  incorrect."  See  valuable  paper  in  Vol.  XYI 
Transactions  Am.  Soc.  C.  E.,  by  E.  B.  Dorsey. 

It  is  to  be  regretted  that  the  so-called  Miners'  inch  as  a  measure  of 
volume  has  been  permitted  in  British  Columbia.  This  measure  has 
been  aptly  defined  as  a"  nondescript  inch  which  can  scarcely  be 
credited  with  a  remote  approximation  to  correct  measurement,"  and  it 
seems  to  vary  in  volume  with  the  state  or  place  where  it  is  used.  In 
Idaho  it  is  "  partly  by  custom,  partly  by  statute,  the  quantity  of  water 
which  will  flow  through  an  inch  square  orifice  in  an  inch  board,  with 
a  head  or  pressure  of  four  inches  above  the  centre  of  the  orifice,  but  is 
in  reality  the  quantity  of  water  which  will  flow  through  an  inch  square 
orifice  in  an  inch  board,  with  a  head  or  pressure  depending  upon  the 
care  used  in  adjusting  the  gate  which  admits  the  water  to  the  orifice." 
In  Colorado  on  one  occasion  he  saw  a  description  which  read  "  The 
lessee  is  entitled  to  six  inches  of  water,"  and  he  endeavored  to  find 
out  how  many  cubic  feet  it  was  intended  to  cover,  but  could  not  do 
so  until  he  hunted  up  the  engineer  who  had  prepared  the  lease. 

The  description  of  what  constitutes  an  inch  in  British  Columbia,  or 
a  multiple  of  one,  does  not  specify  the  thickness  of  the  plate,  nor  how 
made.  When  it  is  considered  that  the  co-eflicient  for  construction 
depends  upon  the  kind  and  size  of  the  orifice,  it  will  be  seen 
that  a  not  very  accurate  measurement  will  be  the  result.  An  admir- 
able,  cheap  and  simple  device  has  been  designed  by  Mr.  A.  D.  Foote, 
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M.  Am.  Soc.  C.  E.,   and  is  described  in  Vol.  XVI,  Paper  No.  355, 
Transactions  Am.  Soc.  C.  E. 

The  subject  of  loss  of  water  in  conduits  by  evaporation  is  an  impor- 
tant one  on  which  but  little  data  are  available  in  this  country,  and  the 
writer  knows  of  no  authority  so  good  as  that  of  Mr.  Desmond  Fitz- 
gerald who  has  carried  out  an  extensive  series  of  experiments  at  Bos- 
ton, and  which  are  described  in  Transactions  Am.  Soc.  C.  E.,  Vol.  XI. 


Thursday,  24th  April. 
E.  P.  HANNAFOKD,  Vice-President,  in  the  Chair. 
Paper  No.  42. 

THE  SAULT  STE.  MARIE  BRIDGE. 


By  a.  H.  Massy,  M.  Can.  Soc.  C.E. 

The  completion  of  "  The  Sault  Ste.  Marie  Bridge  "  adds  one  more  to 
the  number  of  great  International  bridges  joining  Canada  with  the 
United  States,  and  forms  the  connecting  link  between  the  Canadian 
Pacific  Railway  and  the  network  of  roads  traversing  the  Western  States. 

In  the  autumn  of  1885  it  was  decided,  by  the  Sault  Ste.  Marie 
Bridge  Co.,  to  build  a  bridge  across  the  Ste.  Marie  River  at 
"TheSoo,"and  a  party  was  organized  to  make  the  preliminary 
surveys,  from  the  results  of  which  it  was  decided  to  construct  the 
bridge  at  the  upper  end  of  the  Ste.  Marie's  Rapids,  where  the  smooth 
water  of  the  Lake  commences  to  break  away  over  the  rocky  bed  of 
the  river.  The  bottom  is  formed  of  smooth,  level  sandstone  of  the 
Potsdam  formation,  perfectly  bare  of  gravel  or  debris,  with  the  excep- 
tion of  Pier  No.  1,  where  a  considerable  deposit  was  formed.  In  the 
winter  of  1886-7  the  contract  for  the  construction  was  awarded  to 
R.  Gr.  Reid,  who  the  year  before  completed  the  St.  Lawrence  Bridge. 
Early  in  May  the  contractor  and  the  engineering  party  arrived  at  "  The 
Soo,"  and  the  work  of  triangulation  commenced,  and  here  it  may  not 
be  out  of  place  to  go  a  little  into  the  general  detail  of  accurately  deter- 
mining the  position  of  the  piers. 

The  first  operation  was  the  measurement  of  a  base  line  and  the  calcu- 
lations of  angle?.  The  most  scientific  and  practical  method  of  setting 
out  piers  is  by  means  of  angles  from  a  measured  base,  direct  meas- 
urement by  a  long  wire  has  been  advocated  by  some  engineers,  but  the 
experience  of  the  author  on  this  method  has  not  been  satisfactory.  It 
may  appear  a  very  simple  matter  to  measure  700  or  800  feet  on  a  wire, 
and  then  transfer  this  distance  between  two  points  supported  only 
at  the  ends,  but  the  result  of  such  is  often  unreliable,  as  was  expe- 
rienced by  the  engineers  at  the  Forth  Bridge.  For  distances  of  400  or 
500  feet,  with  great  care,  accurate  results  can  be  obtained, as  the  sequel 
will  show. 
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In  setting  out  by  angles,  the  instruments  used  will  first  be  discussed  ; 
these  are  three  in  number, — a  transit,  steel  tape  and  picket.  The  transit 
should  not  be  less  than  8"  diameter,  reading  to  10  seconds.  The  one 
used  at  tbe  St.  Lawrence  Bridge  and  "  The  Soo  "  was  of  this  description, 
made  by  Hammersly  of  London,  bein^  furnished  with  a  very  powerful 
glass  and  long  sensitive  level  underneath  the  telescope.  There  was  no 
vertical  arc,  but  simply^the  ordinary  clamp  screw  ;  on  this  instrument  five 
seconds  could  be  estimated.  For  distances  over  3,000  feet  the  author 
would  recommend  a  12  inch  instrument,  such  as  that  used  at  the 
Forth  Bridge,  or  better  a  16  inch  reading  to  five  seconds.  The  author 
also  thinks  it  would  be  an  advantage  to  have  the  upper  plate  moved  by 
a  wheel  attached  to  it,  working  into  teeth  set  near  the  outer  rim  of  the 
lower  plate,  thus  ensuring  a  relative  motion  between  theplate3,  and  avoid- 
ing the  danger  of  moving  the  lower  plate  when  the  upper  plate  is  moved 
round,  as  thi3  is  one  of  the  most  serious  causes  of  error  in  taking  angles. 
The  glass  should  be  such  as  to  show  an  ordinary  picket  clearly  at  a  dis- 
tance of  one  mile,  so  that  the  hairs  can  be  set  on  an  object  to  one  inch 
at  that  distance.  Accuracy  of  graduation  is  also  one  of  the  essentials. 
The  transit  above  mentioned  weighed  about  40  lbs.,  and  when  not  used 
on  a  fixed  pedestal,  was  attached  to  a  heavy  wrought  iron  tripod  weigh- 
ing 80  lbs. 

The  next  instrument  is  the  steel  tape.  At  the  suggestion  of  the 
author  the  company  ordered  from  Chesterman,  England,  a  tape  of 
heavy  steel  500  feet  long,  and  the  result  shows  the  accuracy  of  the  work 
done  with  it. 

Thirdly,  we  come  to  the  picket,  or  centre  used.  These  were  designed 
by  the  author  for  the  "  Soo  Bridge."  They  were  made  of  2  inch  gas 
pipe,  about  seven  feet  long;  the  lower  end  being  screwed  into  a  socket 
formed  like  a  fork,  the  two  prongs  of  which  rested  on  the  hub,  the 
centre  of  the  pipe  being  placed  accurately  over  the  nail  by  means  of  a 
plumb  bob  and  line,  the  line  being  fastened  to  the  centre  of  the  upper 
end  and  the  plumb  bob  swinging  in  the  fork  below,  thus  ensuring  the 
centre  to  be  both  exactly  vertical  and  on  the  nail.  The  picket  was  then 
secured  by  four  wires  fastened  to  the  upper  end  and  to  stakes  driven 
into  the  ground  ;  these  wires  could  be  adjusted  for  length  by  swivel 
screws,  such  as  are  used  to  tighten  the  ordinary  buck-saw  frame.  The 
pickets  were  painted  white,  and  a  black  board  placed  at  a  little  distance 
behind  to  make  them  more  distinct. 

Now,  in  selecting  a  base,  it  is  preferable  to  have  one  on  either  side  of 
the  river;  one  half  of  the  piers  being  laid  out  from  one  and  their  posi- 
tions checked  from  the  other ;  a  most  satisfactory  check  on  the  work 
being  to  calculate  one  base  from  the  other. 
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Of  course  the  more  level  the  grouud  is  the  better,  and  if  at  all  pos- 
sible each  end  of  the  base  should  be  visible  from  the  other,  but  it  often 
happens  that  level  ground  cannot  be  had.  The  base  for  the  St.  Law- 
reuce  Bridge  was  measured  with  an  ordinary  100  foot  steel  tape,  laid 
on  strips  of  board  supported  by  hubs  driven  in  about  ten  feet  apart,  and 
the  ends  cut  off  to  a  level.  Where  the  ground  fell  away  a  lower  set 
of  levels  were  taken,  and  the  distance  plumbed  down  at  each  break. 
This  was  doue  with  great  accuracy,  considerable  time  being  spent  at 
it.  By  careful  measurement  the  error  should  not  exceed  t.dtjw,oo(j.  This 
base  was  measured  before  the  author  took  charge  of  the  St.  Lawrence 
Bridge.  The  plan  adopted  at  "  The  Soo  "  was  to  drive  in  stakes  1"  x  2" 
ten  feet  apart,  exactly  in  a  straight  line  along  the  base  from  a  point  25 
feet  above  the  centre  line  of  the  bridge  to  the  point  at  which  the 
transit  was  to  be  placed.  A  line  was  taken  along  the  stakes,  regard- 
less of  levels,  from  one  point  to  the  other,  and  large  nails  driven  into 
the  stakes  to  support  the  tape.  At  every  500  feet  a  firm  staging  was 
built,  on  which  the  exact  500  feet  was  marked,  and  the  tape  moved  on 
to  its  next  position,  and  so  on  till  the  base  was  measured.  This  was 
repeated  three  or  four  times,  the  tape  being  always  stretched  by  a 
spring  balance  under  a  tension  of  50  lbs.  The  500  foot  tape  while 
under  this  tension  was  checked  with  a  100  foot  standard  tape,  the 
latter  having  been  previously  compared  with  the  standards  used  by 
the  company  who  were  to  build  the  superstructure  of  the  bridge.  The 
temperature  was  also  carefully  noted,  and  the  length  of  the  base 
reduced  to  a  normal  temperature  of  60°  Fahr.  and  also  corrected  for 
slope.  At  the  St.  Lawrence  Bridge  a  good  base  was  obtained  on  both 
sides  of  the  river,  and  the  accuracy  of  the  triangulation  and  measure- 
ments checked  by  calculating  one  base  from  the  other,  but  at  "  The 
Soo  "  the  two  bases  had  to  be  measured  on  the  south  side.  When  the 
base  was  fixed,  a  solid  oak  post  was  placed  at  one  end  and  a  hub  let 
into  the  rock  at  the  other.  The  large  transit  was  set  on  this  post,  and 
all  the  angles  to  the  several  piers  laid  off  from  it.  An  ordinarv  tran- 
sit was  set  over  the  other,  this  point  being,  as  was  stated,  25  feet  above 
the  centre  line  of  the  bridge,  and  a  corresponding  centre  set  up  on  the 
opposite  side  of  the  river,  also  25  ft.  above  the  centre  line  of  the  bridge 
on  which  the  cross  hairs  of  the  transit  were  set.  All  the  piers  were 
laid  off  from  this  upper  line.  The  object  of  keeping  this  line  25  ft.  above 
the  bridge  was  to  clear  all  derricks,  scows,  etc.,  at  the  same  time 
admitting  of  a  point  being  fixed  on  the  upper  end  of  the  caissons. 

The  distance  across  the  river  at  "  The  Soo"  was  about  3,000  feet. 
This  being  calculated  from  two  entirely  independent  sets  of  data,  the 
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results  checked  to  the  tenth  of  an  inch,  the  whole  of  the  work,  includ. 
ing  measurement  of  basis,  taking  of  angles  and  calculations,  did  not  occupy 
one  week.     This  calculated   distance  agreed  with   the  taped  distance, 
after  the  construction  of  the  bridge,  to   l^r  inches.     The  author  may- 
add  that  the  calculated  distance  and  the  measured  distance  on  the  St. 
Lawrence  Bridge  agreed  to  2^"  on  a  distance  of  3,700  feet.     The  base 
used  for    setting  out  the  piers  at  "  The  Soo  "  was  about  1,900  feet 
]  ong.     A  small  shanty  was  built  at  either  end  to  protect  the  instru- 
ments, and  on  the  roof  of  these,  exactly  over  the  centres,  two  pickets 
were  set,  of  the  kind  previously  described.     These  were  checked  from 
time  to   time    by  means  of  the  plumb  bob.     The  instrumental  work 
required  much  care  and  patience.     All  the  angles  had   to  be  repeated 
several  times  to  eliminate  all  eccentricity  in  the  centering  of  the  transit. 
It  was  found  that  the  lower  plate  of  the  transit  was  liable  to  slip  while 
moving  the  upper  plate  ;  thus  after  taking  the  three  angles  of  a  triangle, 
the  sum  was  usually  less  than  180°  by  some   seconds.     To  avoid  this 
error  the  following  method  was  adopted  :    Zero  of  the  transit  was  first 
set  on  the  far  end  of  the  base,  and  the  upper  plate  moved  till  the  hairs 
intersected  the  picket  on  the  far  side  of  the  river.     The  angle  was  then 
noted,  and  the  upper  plate  moved  round  in  the  same  direction  till  the 
hairs  iutersected  the  first  picket.     Now,  if  the  vernier  did  not  read 
zero,  it  was  evident  the  lower  plate  had  shifted,  and  the  operation  had 
to  be  repeated.   When  this  angle  was  satisfactorily  recorded,  the  vernier 
was  set  at  10°,  the  hairs  set  on  the  first  picket  and  the  upper  plate  moved 
round  to  the  second  picket,   the  angle  read,  then  moved  round  to  10° 
and  checked  to  see  if   the  hairs  were  on  the  first  picket,  and  so  on,  in- 
creasing by  10°  each  time,  when  the  average  was  taken.  By  this  means 
great  accuracy  was  attained,  any  small  discrepancy  of  a  second  or  two 
being  distributed  between  the  three  angles  in  proportion  to  their   size. 
In  setting  out  the  piers  the  same  precautions  were  taken.     In  reading 
the  verniers,  a  sheet  of  white  paper  was  placed  close  to  the  plate,  and 
the  reading  taken  through  a  small  hole  cut  in  the  paper.     This  paper 
threw  a  shade  on  the  vernier,  and  the  graduations  could  be  seen  with 
great  distinctness.     Close  beside  each    of  the  shanties,    a  signal  was 
erected,  which  could  be  worked  by  the   man  at  the  transit,  without 
taking  his  eye  from  the  instruments.  As  the  caisson  approached  its  pro- 
per position,  a  man  on  board  held  up  a  picket,  which  was  immediately 
signalled  iuto  its*  exact  position  by  the  transitinan,  and  by  this  means 
the  men  who  guided  the  caisson  were  enabled  to  see  which  way  it  had 
to  go  without  any  confusion  or  mistake.     When  the  caisson  was  placed 
by  the  transits,  its  position  was  verified  with  a  steel  wire  of  given 
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length,  usually  the  length  of  a  span.  This  wire  was  about  fa"  diameter 
the  exact  length  marked  on  it  by  a  loop  soldered  on  at  each  end  ;  one 
loop  of  the  wire  was  brought  exactly  over  the  starting  point  by  means 
of  a  long  adjustable  screw  arrangement,  the  other  was  carried  in  the 
boat  to  the  caisson  and  strained  to  200  lbs.  and  the  exact  distance 
marked.  Very  correct  measurement  can  be  made  in  this  way,  but  it  is 
Accessary  constantly  to  check  the  wire  under  straiu  with  the  standard 
tape,  aud  also  when  not  in  use  to  roll  it  on  a  reel  made  specially  so 
as  to  prevent  the  wire  getting  bent.  At  the  St.  Lawrence  Bridge,  the 
408  ft.  cantilever  spans  were  measured  in  this  way,  and  when  the  iron 
work  was  connected,  the  measurements  agreed  exactly  on  one  of  the  408 
feet  spans,  and  on  the  other  there  was  a  discrepancy  of  only  \  inch, 

In  setting  out  piers  from  a  baseline,  the  question  will  arise  as  to  the 
■Dgth  of  base  which  will  give  the  most  accurate  results,  assuming  that  the 
transit  reading  may  be  liable  to  an  error  of  (a  seconds)  when  (a)  may 
be  1  to  5.  It  may  be  shewn  mathematically  that  this  length  should  be 
equal  to  the  length  from  the  base  to  the  pier  measured  along  the  base, 
or  that  the  angle  below  the  base  line  and  a  line  from  the  transit  to 
the  pier  should  equal  that  between  this  line  and  the  bridge  line.  This 
would  shew  that  theoretically  the  best  results  are  obtained  by  having  a 
separate  point  on  the  base  for  setting  off  each  pier.  The  author  believes 
that  this  was  carried  out  at  the  International  Bridge  at  Buffalo. 

The  next  operation  was  to  level  across  the  river.  This  was 
done  by  placing  three  of  the  best  levels  on  each  side  of  the  river, 
and  reading  on  a  large  rod  graduated  to  A  of  a  foot  held  up  on 
the  opposite  shore ;  when  the  three  readings  were  taken  the  rods 
were  held  up  at  as  nearly  as  possible  equal  distances,  but  on  the  same 
shore.  Thus  the  errors  of  curvature  and  refraction  were  neutralized 
by  these  equal  sights.  The  error  in  levelling  by  this  method  should 
not  exceed  tz>o  in  3,000  feet,  when  the  levels  were  transferred  across 
two  stands  for  the  large  transit  wire  set  up  just  above  the  bridge  line, 
one  on  either  side  of  the  river,  and  opposite  each  a  target  placed,  whose 
centre  was  exactly  on  the  same  level  as  the  cross  hairs  of  the  transit 
when  set  on  the  opposite  stand.  Thus  by  setting  up  the  instrument  and 
directing  its  cross  hairs  on  this  target,  a  correct  level  was  ensured  The 
only  source  of  error  was  in  certain  states  of  the  weather,  the  refraction 
being  so  great  as  to  cause  an  error  of  to  of  a  foot  in  the  line  of  levels  ; 
but  slight  errors  in  levels,  except  in  the  case  of  continuous  girders,  are 
of  little  consequence,  much  less  than  errors  of  distance,  as  the  appearance 
of  a  bridge  not  sitting  fair  on  the  centre  of  the  piers  has  a  very  bad 
effect.     During  the  time  occupied  in  triangulation,  the  contractor  was 
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employed  building  a  temporary  wharf  for  ,  landing  stone  and  other 
material  and  excavating  foundations  for  abutments.  Most  of  the 
plant  used  in  the  construction  of  the  St.  Lawrence  Bridge  was  shipped 
to  "  The  Soo,"  and  comprised  two  tugs,  22  scows,  three  of  which  were 
furnished  with  steam  derricks,  two  pumps,  six  large  anchors,  two  clam 
shell  dredges,  and  other  but  less  important  implements  used  on  such  work. 
The  depth  of  the  water  on  the  site  of  the  bridge  varied  from  2  to  12 
feet. 

Although  the  extreme  rise  of  the  river,  except  after  a  westerly  gale, 
does  not  exceed  2J  feet,  it  is  at  any  time  liable  to  1^  feet  rise  in  less 
than  an  hour,  due  to  some  wave  motion  of  the  Great  Lakes.  The  swiftest 
current  is  where  the  water  is  deepest  towards  the  Canadian  side,  and 
attains  a  velocity  of  9  miles  per  hour.  The  shallowness  of  the  water 
rendering  it  impossible  to  bring  the  tugs  within  less  than  300  feet  of  the 
piers,  the  scows  and  caissons  had  to  be  lowered  down  by  ropes. 

The  plan  of  foundation  is  similar  to  the  St.  Lawrence  Bridge,  namely, 
caissons  with  water-tight  sides  of  12"  x  12"  timber,  without  any  bottom, 
the  sides  scribed  to  fit  the  rock.  The  caissons  were  so  designed  as  to 
allow  a  space  of  4'  6"  between  the  timber  and  the  sides  of  the  piers. 
A  curtain  of  canvas  was  nailed  round  the  inside  of  the  caisson  to  check 
any  current  while  depositing  the  concrete. 

The  concrete  was  formed  of  sand  and  Portland  cement  in  equal  quan- 
tity, to  which  was  added  as  much  broken  stone  as  the  mortar  thus  made 
would  take.  This  concrete  was  deposited  by  the  same  boxes  as  were  used 
at  the  St.  Lawrence  Bridge,  and  described  in  a  paper  by  the  author.* 
The  depth  of  the  concrete  was  never  less  than  half  the  depth  of  the  water 
with  a  minimum  depth  of  two  feet.  The  second  day  after  the  concrete 
was  deposited  the  caisson  was  pumped  dry,  the  bottom  levelled,  and 
masonry  commenced.  In  building  with  timber  caissons  and  concrete 
bottoms,  the  depth  of  the  latter  should  not  be  less  than  1  the  depth  of 
the  water  with  a  minimum  depth  of  two  feet.  Less  concrete  than  this 
is  apt  to  cause  troublesome  leaks,  and  the  concrete  box  should  hold 
two  cubic  yards.  The  masonry  of  the  small  bridge  on  the  Canadian  side 
was  commenced  June  9th  ;  and  the  north  abutment  of  the  main  bridge 
on  June  2nd,  but  no  masonry  was  laid  in  the  river  piers  until  August  9th  ; 
as  much  time  was  lost  in  negotiating  with  the  United  States  Government 
as  to  duty  on  plant  and  material,  etc.  The  last  of  the  masonry  of  the 
Main  Bridge  was  laid  October  7th. 

The  work  proceeded  rapidly  and  smoothly  without  serious  mishaps  oi 
accidents  of  any  kind,  the  experience  gained  on  the  St.  Lawrence  Bridge 

*  Transactions  Can.  Soc.  C.  E.  Vol.  I.,  Part  I.,  page  35. 
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by  the  men  employed  proving  of  great  service.  No.  1  Pier  was  the  most 
tedious,  as  a  large  quantity  of  gravel  had  to  be  dredged  off  by  means  of 
a  large  rake  attached  to  a  long  handle,  operated  from  scows  anchored 
over  the  foundation,  any  remaining  gravel  being  cleared  off  after  the 
caisson  had  been  placed.  The  most  troublesome  and  costly  foundation 
was  the  centre  pier  of  the  Swing  Bridge.  This  had  to  be  carried  down 
22  feet  below  water  level  through  seamy  rock,  in  anticipation  of  the 
enlargement  of  the  canal  at  some  future  date.  The  pier  was  circular,  with 
a  diameter  of  30  feet,  the  excavation  being  several  feet  wider;  leaving 
only  about  20  feet  of  rock  between  the  pier  and  the  canal,  through  which 
the  water  poured  like  a  river,  requiring  the  constant  use  of  two  large 
rotary  wrecking  pumps  until  the  masonry  reached  the  water  level. 
The  stone  used  in  the  swing  bridge  and  the  bridge  at  Canal  Street 
was  Ohio  sandstone,  the  remainder  being  white  limestone  from  the 
Owen  Sound  Quarries.  The  general  plan  of  piers  and  abutments  are 
similar  to  those  of  the  St.  Lawrence  Bridge,  the  piers  of  the  Main 
Bridge  all  being  10  feet  wide  on  top. 

The  following  is  a  brief  outline  of  the  bridge  :  Commencing  on  the 
Canadian  side,  the  approach  to  the  bridge  is  a  timber  trestle  1500  feet 
in  length,  with  two  spans  of  iron  crossing  a  small  branch  of  the  river, 
then  1900  feet  more  of  trestle  to  the  main  bridge  consisting  of  10  spans 
of  242  feet  each,  pin  connection  through  girders  :  then  350  feet  of  bank 
which  reaches  the  north  abutment  of  the  swing  bridge  over  the  Ste.  Marie 
canal.  The  swing  has  a  total  length  of  396  feet,  crossing  the  canal  at  an 
angle  of  about  60°,  then  another  bank  of  200  feet,  and  a  plate  girder 
over  Canal  Street  reaches  the  southerly  limit  of  the  Bridge  Co.'s  pro- 
perty. 


DISCUSSION. 

Mr.  Biackweil.  Mr.  K.  W.  Blackwell  asked  if  the  author  had  noticed  any  change 
in  levels  in  Lake  Superior  to  correspond  with  tidal  movements.  He 
had  seen  it  stated  that  there  was  a  slight  movement  twice  in  the  24 
hours  in  the  waters  of  the  Great  Lakes,  occasioned  by  the  same  physical 
influences  which  caused  tides. 

Mr.Hamiaford.  Mr.  E.  P.  Hannaford  said  the  author  had  gone  to  a  great  deal 
of  trouble  to  give  the  profession  every  information  interesting  and 
valuable  in  regard  to  laying  out  piers,  leaving  little  for  discussion. 

Mr.  Irwin.  Mr.  H.  Irwin  said  the  author  had  mentioned  the   advisability  of 

constructing  the  transit  with  gearing  attachments  connecting  the 
upper  and  lower  plates,  so  as  to  avoid  the  movement  of  the  lower  plate 
when  moving  the  upper,  and  wished  to  know  if  the  author  knew  of  the 
"reiterating  transit,"  that  is,  a  transit  with  only  one  spindle,  the 
lower  plate  being  a  fixture.  It  was  not  quite  so  handy  since  the 
vernier  could  not  be  set  to  zero  before  pointing  the  telescope  at  the 
back  sight,  but  it  practically  did  away  with  the  slipping.  These 
transits  are  used  by  Dominion  land  surveyors  in  running  the  outlines 
of  townsbips.  He  did  not  think  a  rack  and  pinion  connection  would 
work  satisfactorily.  He  knew  of  a  very  expensive  instrument  with  the 
rack  and  pinion  movement,  but  it  did  not  prevent  slipping.  In  the 
North-West,  reiterating  transits  were  much  used  on  account  of  their 
accuracy. 

"With  regard  to  levelling  across  the  river,  he  suggested  setting  up  the 
instrument  first  on  one  side  of  the  river,  and  reading  a  bench  mark  close 
by  and  also  reading  a  bench  mark  on  the  other  side  of  the  river,  and 
then  going  to  the  other  side  of  the  river  and  reading  the  same  bench 
marks  similarly.  In  this  way  there  was  a  good  check  upon  the 
curvature  and  refraction.  He  had  tried  this  method  across  the 
Richelieu  River,  P.  Q.,  but  the  distance  there  was  not  greater  than 
900  ft. 


Mr.  Goad.  Mr.  C.  E.  Goad  said  the  author  had  apparently  experienced  the 
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same  difficulty  as  lie  had  on  a  bridge  upon  the  Montreal  &  Ottawa 
Railway ,  where  the  river  was  about  700  feet  across.  A  steel  wire 
could  not  be  depended  upon  for  accuracy ;  and  triangulation  was 
resorted  to. 

Mr.  H.  Irwin  remembered  reading,  that  in  building  the  Forth  Bridge  Mr.  Irwin. 
a  Bteel  wire  was  found  to  be  satisfactory  as  a  check  measurement.     It 
was  .-trained  by  known  weights,  and  the  difference  from  the  calculated 
length  was  small  in  the  distance  of  about  1700  feet. 

Mr.  E.  P.  Hannaford  said  that  reference  had  been  made  by  the  Mr.Hannaford. 
author  to  the  International  Bridge  at  Buffalo.  This  bridge  was  built 
by  the  present  president  of  the  Society,  the  speaker  being  the  engineer, 
and  Mr.  Joseph  Hobson,  M.  Can.  Soc.  C.  E.,  the  resident  engineer. 
On  the  Canadian  side  a  base  line  was  laid  out  at  an  angle  of  about  90 
degrees  with  the  line  of  the  bridge,  and  its  length  checked  by  rods  and 
a  steel  tape,  then  another  or  check  base  was  established  on  the  American 
side.  The  position  of  the  piers  was  given  by  a  fixed  transit  in  the 
line  of  the  bridge  and  another  transit  at  the  end  of  the  base  line.  The 
Niagara  River  at  the  site  of  the  bridge  is  very  deep  with  a  strong 
current  and  bad  anchorage. 

The  working  out  of  the  position  of  the  piers  and  placing  them  by 
triangulation  was  eminently  successful.  There  was  no  error  due  to 
calculation,  and  what  little  there  was  in  exactly  centering  the  inner 
and  outer  caissons  of  each  pier  was  owing  to  the  trouble  in  getting  the 
caissons  in  their  right  position,  because  although  a  liberal  allowance 
was  made  for  lee-way,  the  depth  of  water — 45  feet — and  the  rapid 
current  caused  the  caissons  to  sway,  or  surge,  although  every  pre- 
caution by  means  of  side  and  bottom  anchorage  was  resorted  to.  (Sec 
book  on  International  Bridge,  1873,  by  C.  S.  Gzowski.) 

He  could  not  conceive  how  anyone  could  rely  on  wire  for  distances  ; 
it  seemed  to  him  a  most  erratic  and  unreliable  method.  He  had 
never  seen  concrete  boxes  used  as  large  as  those  mentioned  by  the 
author,  containing  two  cubic  yards. 

Mr.  C.  E.  Goad  said  such  boxes  would  be  heavy,  but  he  certainly  Mr.  Goad, 
thought  they  are  a  step  in  the  right  direction. 

Mr.  P.  W.  St.  George  understood  these  boxes  were  lowered  into  Mr.  St.  George, 
the  water,  so  as  to  get  as  near  the  river  bed  as  possible  before  deposit- 
ing the  concrete. 
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Mr.  Massy.  jyjr   q.  jj  Massy  explained  that  the  concrete  boxes  were  constructed 

with  the  bottoms  above  the  lower  edges  and  opening  at  the  centre,  so 
that  when  the  box  rested  on  the  foundation,  tha  bottom  could  be 
opened  from  above,  allowing  the  concrete  to  slip  out  gradually. 

He  considered  the  larger  the  concrete  box  the  better  ;  but  of  course 
this  necessitated  strong  derricks  and  large  scows.  The  contractor  had 
found  it  difficult  to  handle  boxes  containing  two  cubic  yards,  but  it 
was  undoubtedly  better  to  deposit  concrete  in  large  quantities. 

Mr.  St.  George.  Mr.  P.  W.  St.  George  asked  if,  after  depositing  concrete  from  the 
boxes,  the  author  had  an  opportunity  of  seeing  how  the  concrete  was 
left  on  the  bottom,  and  whether  the  cement  and  sand  had  separated 
from  the  stone  ? 

Mr.  Massy.  Mr.  Massy  replied  that  when  the  caissons  were  pumped  out,  there 

was  every  opportunity  of  observing  how  the  concrete  lay  on  the  bottom, 
and  there  was  generally  about  three  inches  of  loose  stone  which  could 
be  shovelled  off  before  reaching  the  solid  concrete.  It  was  more  than 
probable  that  the  next  box  of  concrete  would  mix  with  and  consolidate 
this  loose  stone.  As  to  the  state  of  the  concrete  along  the  sides  of  the 
caisson,  he  had  watched  the  construction  of  a  concrete  abutment  built  on 
dry  land,  and  when  the  planks  were  removed  the  concrete  presented  a 
solid  face  on  which  the  mark  of  the  grain  of  the  timber  could  be  seen. 

Mr.  St.  George.  Mr.  St.  George  remarked  that  the  sides  would  not  have  the  same 
opportunity  as  the  bottoms  from  which  the  stones  would  be  heaved  up, 
as  was  the  case  in  road-making. 

Mr.Hannaford       Mr.  Hannaford  asked  what  were  the  proportions  of  the  concrete  ? 

Mr.  Massy.  Mr.    Massy  replied  that  the  proportions  were  about  one  of  cement, 

one  of  sand,  and  four  of  broken  stone.  The  object  in  making  the  con- 
crete so  rich  was  to  allow  for  any  loss  due  to  the  cement  washing  away 
from  the  sand  during  the  process-  of  submersion.  He  thought  for  this 
class  of  work  the  concrete  could  best  be  prepared  by  gangs  of  men 

sufficient  to  keep  one  box  employed  constantly. 

► 

Mr.  St.  George.  Mr.  St.  George  referred  to  the  Aberdeen  harbour  and  docks,  in  the 
construction  of  which  concrete  consisting  of  ten  of  stone  to  one  of  sand 
and  one  of  cement  was  used;  and  to  the  Manchester  canal,  the  concrete 
used  in  the  main  wall  of  which  was  in  the  proportion  of  twelve  to  one, 
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except  the  face  work,  which  was  four  to  one.  This  showed  that  in 
England  an  apparently  much  weaker  concrete  was  used  than  in  this 
country,  which  he  said  was  because  there  the  cement  could  be  obtained 
fresh.     Here  such  high  tensile  strengths  were  not  obtained. 

Mr.  Massy  thought  the  reason  stronger  cements  were  not  imported  Mr.  Massy. 
was  because  engineers  as  a   rule  did  not  specify  such,  and  manufac- 
turers would  not  exceed  the  specifications. 

Mr.  St.  George  thought  Mr.  Massy  was  in  error,  as  he  understood  Ml-  st-  George 
there  was  no  special  method  of  making  cement  in  England  for  export- 
ation. He  has  visited  the  English  factories,  and  considered  the  diffi" 
culty  was  in  the  fact  that  cement  was  held  by  for  a  time  and  then 
shipped  to  this  country,  so  that  they  got  old  instead  of  fresh  cement. 
His  observation  was  similiar  with  tile  pipes,  agents  often  sending  an 
inferior  article  to  this  country  to  that  used  in  England. 

Mr.  Hannaford  said  he  had  always  understood  that  there  was  little  Mr.Haunaford. 
difference  in  the  various  brands  of  standard  manufactures  of  English 
Portland  cement.  His  experience  with  concrete  was  that  he  should 
hesitate  to  use  any  weaker  than  one  in  six — one  of  cement  to  six  of  sand 
and  stone.  He  preferred  one  in  five — weak  concrete  was  dangerous. 
He  generally  specified  for  two  of  sand  and  two  of  broken  stone  to  one 
of  Portland  cement.  It  was  better  to  be  on  the  safe  side  when  letting 
the  work,  as  when  tendering  contractors  were  ready  to  bid  the  same 
for  strong  as  for  weak  concrete. 

Mr.  Irwin  said  that  some  of  the  barrels  of  cement  imported  were  Mr.  irwin. 
smaller  than  those  used  in  the  United  States  and  England,  where  they 
were  3§  or  4  cubic  feet.     He  had  once  tested  the  capacity  of  barrel8 
of  English  cement,  and  found  the  average  to  be  only  2\  cubic  feet. 

Mr.  St.  George  said  barrels  of  English  cement  weighed  370  to  375  Mr.  st,  George. 
lbs.,  German  400,  and  American  240  lbs.  The  city  of  Montreal  pur- 
chased cement  per  100  lbs.,  not  by  the  barrel,  and  every  tenth  barre^ 
was  weighed.  There  were  cements  in  the  market  that  had  been  re- 
barrelled  here  ;  some  in  fact  were  reground  here,  having  being  injured 
by  the  voyage. 

Mr.  Massy  said  in   reply  to   remarks,    that  he  had  not  answered  Mr.  Massy. 
:that  the  general  weight  of  English  cement  was  seven  barrels  to  a  ton- 
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He  had  noted  the  rise  and  fall  in  Lake  Superior,  but  could  not  dis- 
cover any  law  governing  it,  as  the  movement  at  times  was  most  erratic. 
A  movement  towards  higher  water  would  often  occur  twice  in  a  few 
hours,  and  then  not  for  days.  He  did  not  think  the  effect  of  a  tide 
was  noticeable. 

With  reference  to  the  rack  and  pinion  attachment  to  the  transit,  he 
had  never  used  such  an  instrument  as  mentioned  by  Mr.  Irwin. 

"With  regard  to  levelling  across  a  river,  he  had  never  tried  the 
method  mentioned.  The  simplest  way  that  occurred  to  him  was  to 
take  two  equal  sights,  and  then  eliminate  every  kind  of  error  due  to 
curvature,  refraction,  etc.  He  had  read  an  article  on  the  Forth  Bridge 
by  one  of  the  assistant  engineers,  in  which  it  was  stated  that  the 
errors  made  by  measuring  with  a  wire  amounted  to  6|  inches,  which 
they  did  not  appear  to  be  able  to  account  for. 

With  respect  to  measuring  distances  by  wire,  he  thought  the  simplest 
method  was  to  suspend  the  wire  on  land,  measure  the  length,  then  sus- 
pend the  wire  under  identically  the  same  circumstances  over  the  points 
to  be  measured  afterwards,  again  testing  the  wire  on  land.  He  had 
found  on  several  occasions,  with  these  precautions,  that  the  wire  had 
undergone  a  change  in  length. 

Mr.  Fairman.  Mr.  F.  Fairman  said  he  agreed  with  the  remarks  as  to  the  unrelia- 
bility of  measurements  made  by  wire.  His  experience  as  a  manu- 
facturer was  that  wire  made  out  of  crucible  cast  steel  and  of  high 
tensile  strength  was  the  only  wire  that  could  be  at  all  depended  upon, 
and  even  then  the  difficulty  of  annealing  such  wire,  so  as  to  render  it 
the  same  throughout,  was  such  as  to  prevent  its  being  absolutely  relia- 
ble for  measurements. 


Thursday,  8th  May. 

F.  E.  F.  BROWN,  Member  of  Council,  in  the  Chan-. 

\  Paper  No.  43. 

GENERATION,  DISTRIBUTION  AND  MEASUREMENT  OF 
ELECTRICITY  FOR  LIGHT  AND  POWER; 

APPLIANCES  THEREFOR,  AND  PARTICULARS  OP 
CANADIAN    INSTALLATIONS. 

By  A.  J.  Lawson,  M.  Can.  Soc  C.E.,  A.I.E.E. 

Introduction. 

Although  hardly  fourteen  years  have  elapsed  since  the  first  applica- 
tion of  electric  arc  lighting  on  a  commercial  scale,  and  only  about  nine 
years  since  the  practical  introduction  of  incandescent  electric  lighting, 
yet  the  production  of  electric  currents  by  mechanical  means  had  long 
before  that  time  been  successfully  solved  by  men  to  whom  our  indebted- 
ness is  too  often  ignored.  They  were  not  patentees  but  inventors,  and 
the  splendid  results  of  their  labours  were  often  freely  given  for  the  public 
benefit  without  thought  of  personal  advantage.  First  among  these  dis» 
interested  discoverers  and  benefactors  was  Michael  Faraday,  who  in 
1831  discovered  the  law  of  induction  of  currents  and  the  principles  of 
magneto  electricity,  and  who  published  to  the  world  his  researches  with 
the  remark,  "  I  have  rather  been  desirous  of  discovering  new  facts  and 
"  new  relations  than  of  exalting  those  already  obtained,  being  assured 
"  that  the  latter  would  find  their  full  development  hereafter,"  a  pro- 
phecy now  most  amply  fulfilled. 

Profiting  by  the  knowledge  obtained  from  Faraday's  researches,  Pixii 
of  Paris  constructed  in  1832  the  first  appliance  embodying  the  principle 
of  magneto  electric  induction,  and  for  several  years  thereafter  many 
inventors  worked  on  the  same  subject,  but  it  was  not  until  1860,  just  30 
years  ago,  that  Dr.  Antonio  Paccinotti,  of  Florence,  invented  the  first 
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generator  of  electricity,  having  an  electro-magnetic  field  and  an  annular 
armature,  —  a  machine  which  may  be  justly  described  as  the  pro- 
totype of  all  the  dynamo-electric  machines  now  known  as  Gramme 
armature  dyuamos.  The  exciting  current,  however,  was  not  obtained 
from  the  machine  itself,  as  is  now  the  common  practice  in  all  continuous 
current  generators,  but  was  derived  from  a  battery  connected  to  the 
wires  forming  the  field  winding.   . 

In  1866,  the  idea  of  a  self-excitiug  dynamo  suggested  itself,  almost 
simultaneously,  to  Mr.  S.  A.  Varley  of  London,  England,  and  to  Dr. 
Werner  Siemens  of  Berlin,  Germany.  Mr.  Varley  patented  his  machine 
towards  the  close  of  that  year,  and  the  publication  of  the  patent 
took  place  in  July,  1867.  In  January,  1867,  Dr.  Siemens  described 
publicly  for  the  first  time  the  dynamo-electric  machine  which  he 
had  invented  the  previous  year.  Sir  Chas.  Wheatstone  also  invented, 
about  that  time,  a  machine  which  was  self-exciting,  and  which  he 
had  had  constructed  in  the  workshops  of  Mr.  Augustus  Stroh  of 
London. 

In  1870,  Mr.  Z.  T.  Gramme,  of  Paris,  invented  the  armature  wind- 
ing which  bears  his  name,  and  the  commutator  and  connections  thereto — 
one  of  the  most  important  improvements  in  the  development  of 
dynamo-electric  machinery. 

In  1876,  Mr.  C.  F.  Brush,  of  Cleveland,  Ohio,  invented  his  arc  light 
dynamo  with  cast-iron  field  magnets  and  cast-iron  armature,  a  type  of 
machine  of  which  the  first  constructed  is  still  running  in  Baltimore, 
and  which,  while  closely  resembling  the  Paccinotti  and  Gramme 
machines,  had  its  distinctive  peculiarities.  From  this  machine  and 
the  series  arc  lamp,  invented  by  Mr.  Brush,  may  be  said  to  date  the 
commercial  development  of  arc  lighting ;  and  it  is  probably  to  the  inter- 
est evoked  by  the  success  which  attended  Mr,  Brush's  inventions  that 
the  present  success  of  electric  lighting  generally  is  due. 

In  1879,  Mr.  T.  A.  Edison,  who  had  been  engaged  for  some 
months  in  experimental  work,  produced  a  lamp,  which  gave  rise  to 
great  expectations  and  much  speculation.  His  experiments  did  not 
indeed  result  at  that  time  in  a  commercial  article,  but  they  were  the 
foundation  of  his  success  the  following  year,  when  he  abandoned  the 
attempt  to  use  filaments  of  platiuum-iridium  wire  and  resDrted  to  car 
bon  as  the  light-giving  medium.  But  it  was  not  until  1881,  when  he 
succeeded  in  obtaining  a  really  durable  incandescent  lamp,  that  the 
application  of  electricity  to  domestic  lighting  became  a  possibility,  and 
its  adoption  only  a  question  of  time. 

Mr.  J.  W.  Swan  of  England  and  Mr.  W.  E.  Sawyer  of  New  York, 
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who  had  been  experimenting  on  the  same  lines  for  probably  a  much  longer 
period  than  Edison,  buth  invented,  about  the  same  time,  lamps  embody- 
ing the  elements  of  the  success  which  afterwards  attended  their  en- 
deavours ;  but  whilst  to  the  three  distinguished  inventors  meutioned  is 
due  the  credit  of  the  production  of  really  efficient  commercial  incan- 
descent lamps,  the  fact  that  they  were  simply  perfecting  the  ideas  of 
other  investigators,  who  had  long  previously  experimented  on  the  same 
lines,  seems    to  have  been  generally  forgotten. 

On  September  4th,  1882,  the  Edison  station  for  the  distribution  of 
current  to  supply  incandescent  electric  lights,  located  in  Pearl  Street, 
New  York,  the  first  permanent  station  of  its  kind,  was  put  into 
operation. 

In  1870,  not  a  single  horse-power,  whether  produced  by  steam  or 
water,  was  used  for  electric  lighting,  or  for  the  manufacture  of  electric 
lighting  apparatus,  yet  now  it  is  estimated  that  out  of  a  total  of  five 
and  a  quarter  millions  horse-power  developed  by  steam  engiucs  and 
water  wheels  on  this  continent,  half  a  million  horse-power,  or  nearly  ten 
percent.,  is  used  in  the  production  of  electric  current  for  the  distribution 
of  light  and  transmission  of  power,  and  in  the  manufacture  of  electrical 
machinery  and  appliances. 

At  the  beginning  of  1886,  there  were  in  the  United  States  and  Canada 
450  local  electric  lighting  companies  operating  central  stations.  At  the 
beginning  of  1887,  the  number  had  increased  to  750  ;  and  at  the  begin- 
ning of  1889  to  nearly  1,200 ;  while  in  January,  1890,  there  were 
1185  different  companies  operating  central  stations  in  the  United 
States,  147  in  Canada  and  25  in  Central  America  and  Mexico,  besides 
266  gas  companies,  etc.,  engaged  in  electric  lighting,  making  a  total 
of  no  fewer  than  1623. 

At  the  end  of  1886,  there  were  1,000  incandescent  and  nearly  the 
same  number  of  arc  isolated  plants.  The  number  of  private  plants 
now  in  the  United  States  is  3,925;  in  Canada  and  miscellaneous  196, 
and  in  Central  America  and  Mexico  200 ;  making  a  total  of  4,300 
isolated  electric  lighting  plants,  large  and  small. 

The  following  was  the  condition  of  the  arc  lighting  business  at 
the  beginning  of  the  years  mentioned  : 

Year.         Arc  lamps  in  use.       Year.  Arc  lamps  in  use. 

1882  6,000  1886  96,000 

1883  12,000  1887  115,000 

1884  24,000  1888  150,000 

1885  48,000  1889  210,000 

while  in  1890   the   lamps  in   use  number   235,000.     Of  these  about 
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68,000    are  of  the  Thomson-Houston   manufacture,  and  49,000  have 
been  made  by  the  Brush  Electric  Company. 

Batween  November,  1886,  and  January,  1889,  the  numbsr  of  incan- 
descent lights  in  America  more  than  quadrupled,  increasing  from 
525,000  to  2,500,000.  At  the  present  time,  there  are  fully  2,800,000 
incandescent  lamps  in  use,  of  which  803,500  are  supplied  from  alternat- 
ing current  plants,  and  of  these  408,350  with  the  necessary  apparatus, 
including  25,000  converters,  have  been  furnished  by  the  Westinghouse 
Electric  Co.,  208,760  by  the  Thomson-Houston  Co.,  111,500  by  the 
Fort  Wayne  Electric  Co.  and  the  majority  of  the  remainder  by  the 
Brush  Electric  Co.  since  September  last.  In  addition  to  these  the 
Thomson-Houston  Company  has  furnished  plant  for  direct  current  dis- 
tribution of  a  total  capacity  of  144,000  lamps,  the  Brush  Company  for 
nearly  200,000  lamps,  and  the  Westinghouse  Company  for  45,000  lamps. 
The  estimated  total  capitalization  of  electric  lighting  an  1  electric  manu- 
facturing companies  in  America  at  the  present  time  is  $250,000,000. 

ELECTRIC  LIGHTING  IN  CANADA. 

Being  one  of  the  pioneers  in  construction  of  electric  lighting  plant  in 
Canada,  and  the  manufacturer  or  constructor  of  nearly  30  per  cent,  of 
the  total  capacity  of  incandescence  lighting  installations  now  in  opera- 
tion in  the  Dominion,  the  writer  submits  the  following  brief  history 
of  the  progress  of  the  electrical  industry  in  this  country. 

Ten  years  ago  there  was  not  one  electric  light  plant  in  oparation  in 
Canada.  The  first  plants  erected  were  Brush  arc  plants  of  small  capacity. 
About  the  end  of  December,  1882,  some  Thomson-Houston  arc  lights 
were  placed  on  exhibition  in  Montreal  by  the  Thomson -Houston  Electric 
Co.  of  Canada  (afterwards  merged  into  the  Royal  Electric  Co.  of  Mont- 
real), lighting  St.  James  Street,  Beaver  Hall  Hill,  and  part  of  Dorchester 
street,  but  the  first  permanent  installation  for  street  lighting  in  the 
city  was  that  supplied  from  a  Brush  dynamo  owned  by  the  Harbour 
Commissioners,  who  by  this  means  lighted  the  harbour,  wharves  and 
approaches. 

In  the  Fall  of  1883,  some  50  arc  lights  of  the  Hochhausen  and  Van- 
depoele  systems  were  placed  in  the  streets  of  Toronto,  and  Winnipeg 
also  had  some  arc  lights  put  into  operation  about  the  same  time.  In 
May,  1885,  Ottawa  adopted  the  Thomson-Houston  arc  light  for  its 
streets,  replacing  thereby  both  gas  and  oil,  and  in  1887  Quebec 
followed  its  example,  and  Halifax  and  other  places  followed. 

In  1889,  Montreal  gave  a  contract  for  the  electric  lighting 
of  the  whole  of  its  streets  to  the   Royal   Electric  Co.  for  a   period 


Electricity  for  Light  and  Poiver.  183 

of  live  years,  a  portion  of  the  city  having  been  lighted  by  the  same 
company  since  1886.  Hamilton  also  is  now  lighted  by  the  arc 
light,  and  St.  John,  N.B.,  has  recently  contracted  for  the  lighting 
of  the  -whole  city,  dividing  the  work  between  the  companies  opera- 
mg  the  Thomson-Houston  and  the  Brush  systems,  so  that  the 
following  cities  may  hi  said  to  have  adopted  exclusively  the  arc  light 
iu  place  of  gas  or  oil : — Montreal,  Ottawa,  Quebec,  Hamilton,  London, 
Winnipeg,  Victoria,  Vancouver,  Halifax,  St.  John,  N.B.,  St.  John's, 
N.F..  Moncton  and  Sherbrooke,  besides  the  majority  of  the  towns 
throughout  the  Dominion,  so  that  comparatively  little  work  remains 
tn  be  done  in  arc  lighting;  incandescent  lighting  for  residences 
and  stores  being  the  principal  field  remaining  unoccupied,  and  there 
cau  be  no  question  that  the  large  majority  of  this  work  will  be  done  on 
the  alternating  current  system,  which  is  so  admirably  fitted  for  the 
lighting  of  our  widely-built  cities  and  towns,  and  for  the  utilization 
of  our  numerous  water  powers  for  this  purpose. 

In  1882,  two  private  installations  of  incandescent  lights  were 
made  in  the  city  of  Montreal.  The  system  employed  was  the 
Maxim,  which  was  put  into  the  St.  Lawrence  Hall  and  the  Bank  of 
Montreal.  So  crude  was  the  construction  of  these  plants  that  they  proved 
unsatisfactory,  and  after  a  very  short  time  both  were  discontinued. 
In  the  St.  Lawrence  Hall  only  ooe  lead  was  carried  from  the  dynamos 
to  the  lamps,  the  return  being  made  through  gas  and  water  pipes,  a 
method  which,  it  need  hardly  be  pointed  out,  would  not  now  be  per- 
mitted by  the  Board  of  Fire  Underwriters.  The  wire  used  in  the 
Bank  of  Montreal  for  mains  did  not  even  have  the  coating  of  paint 
which  would  have  gained  for  it  the  misnomer  of  "Underwriters  wire," 
but  was  merely  single  cotton- wound  magnet  wire.  This  is  not  pointed 
out  as  reflecting  in  anyway  on  the  Maxim  Co.  :  all  companies'  systems 
at  that  time  were  about  equally  crude. 

In  the  Fall  of  1882,  a  contract  was  made  for  lighting  the  Canada 
Cotton  Co.'s  mill  at  Cornwall  with  the  Edison  light.  A  plant  of  500 
16  c.  p.  lamps  capacity,  constructed  under  the  superintendence  of  Mr. 
Byllesby,  now  Vice-President  of  the  Westinghouse  Co.,  was  started  on 
the  28th  day  of  February,  1883.  In  June,  1883,  an  exhibition  Edison 
incandescence  plant  was  placed  in  the  "Mail"  building,  Toronto,  but 
was  discontinued  a  few  months  later. 

The  Montreal  Cotton  Co.'s  mills  at  Valleyfield  were  next  lighted  in 
September  1883,  800  lights  being  placed:  which  number  was  subse- 
quently increased  to  about  1100.  The  Canada  Cotton  Co.'s  plant  was 
also  increased  at  the  end  of  the  year  to  1200  lights,  and  it  is  now  the 
I argest  private  installation  in  Canada.   In  January  of  1884,  two  compe- 
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titive  plants  of  small  capacity  were  placed  in  the  Parliament  Buildings 
at  Ottawa,  for  the  lighting  of  which  the  writer  furnished,  in  1886, 
Edison   machinery  of  a   total   capacity  of  1000  lights. 

The  first  incandescence  electric  light  station  in  Canada  was  started  at 
Victoria,  B.C.,  in  January,  1887,  and  was  followed  by  that  at  Vancou- 
ver, B.C.,  completed  in  September  of  the  same  year.  The  distribution 
from  both  stations  is  on  the  three-wire  system. 

The  station  at  Calgary,  N.W.T.,  was  completed  and  started  in 
October,  1887,  and  in  January,  1888,  the  station  at  Valleyfield,  with 
overhead  conductors — at  that  time  the  best  constructed  of  all  the  Edisou 
stations  in  Canada — was  put  into  operation.  For  these  four  stations 
the  writer  supplied  and  erected  all  the  machinery,  and  remodelled  the 
stations  originally  constructed  in  the  two  first-named  places. 

The  Cornwall  station  on  the  Westinghouse  A.  C.  system,  completed 
the  same  year,  was  the  first  A.  C.  station  in  Canada. 

Toronto  is  the  only  place  in  which  underground  wires  have  yet 
been  placed,  but  the  Edison  station,  from  which  they  are  fed,  has 
only  lately  been  put  into  operation.  It  is  the  intentiou  of  the  older 
Toronto  Electric  Light  Co.  to  put  under  ground  the  wires  for  arc 
lights  and  for  the  alternating  current  plant  about  to  be  installed. 

The  Barrie  central  station,  which  the  writer  has  constructed,  is  the 
latest  completed  central  station  plant,  and  the  only  one  in  the  Dominion 
on  the  A.  C.  system  carrying  2000  volts  in  the  primary  wires  and 
nearly  100  volts  in  the  secondaries,  and  it  is  one  in  which  the  highest 
quality  of  insulation,  both  of  primary  mains  and  house  wiring,  has 
been  used. 

At  the  present  time  there  are  13,530  arc  lights  and  about  70,765  incan- 
descent lamps  in  use  throughout  the  Dominion.  There  is  hardly  a  village 
in  Ontario,  having  a  population  of  over  three  thousand  inhabitants, 
which  has  not  an  electric  light  station  of  some  kind  in  operation,  and 
few  of  the  important  towns  of  the  other  Provinces  are  without  electric 
lighting.  Most  of  these,  it  is  true,  are  arc  lighting  stations,  but 
about  a  dozen  supply  the  incandescent  light  only,  chiefly  to  stores  and 
public  buildings,  the  lighting  of  residences  being  yet  scarcely  entered 
upon.  ^Several  of  the  local  companies  which  have  hitherto  supplied  the 
arc  light  alone,  or  with  a  few  incandescent  lamps  in  series  with  their  arcs, 
or  in  series  multiple  with  them,  have  recently  purchased  and  put  into 
operation  incandescence  A.  C.  plants ;  and  the  various  lighting  companies 
formed  for  the  supply  of  incandescent  lights  only,  have  also  found  it 
necessary  in  most  cases  to  add  arc  lighting  to  their  business,  it  having 
been  sufficiently  demonstrated  that  the  incandescent  light  is  unsuitable 
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for  street  lighting,  the  public  demanding  from  electric  lighting,  whether 
arc  or  incandescent,  a  much  better  illumination  than  is  usually  obtained 
from  gas  lighting,  and  in  this  respect  the  incandescent  light  has  failed 
to  meet  the  expectations  of  its  advocates.  The  Edison  muni- 
cipal  system  was  used  for  street  lighting  on  the  Lachine  Canal, 
and  at  Vancouver,  B.  C,  Valleyfield,  Que.,  and  Chatham,  N.  B.,  but 
has  been  replaced  by  arc  lights  in  the  two  first-named  places. 

The  principal  electric  lighting  stations  in  Canada  of  which  the  capa- 
city is  100  arc  lamps  of  2,000  nominal  candle  power  or  over,  or  1,000 
incandescent  lamps  of  16  candle  power  or  more,  are  : — 


Place. 

No.  of  Arc 
Lights. 

Inc. 
Lights 
16   c.  p. 

System. 

75 

1,200 
1,000 

105 

Ball  and  Reliance  Arc,  Slattery  A.  C. 

Incandescence. 

Cornwall,  Ont 

1,300 

Westinghouse  A.  C 

Gazette  Printing  Co., 

Montreal,  Que 

1,350 

Edison. 

Halifax,  N.S 

200 

1,950 

Thomson-Houston  and  Fuller-Wood 
Arc,  Slattery  Incandescence. 

it 

250 

1,400 

Thomson-Houston  and  Ball  Arc  and 
Westin ghouse  A.C.  Incandescence 

394 

2,000 

Thomson-Houston  Arc,Westinghouse 
A.  C.  Incandescence. 

Joliette,  Que 

30 

1,500 

Thomson-Houston  Arc  and  A.  C. 
Incandescence. 

100 

Thomson -Houston. 

M 

150 

Ball. 

1,440 

2,000 

Thomson-Houston. 

522 

Thomson-Houston. 

(C 

4,000 

Westinghouse  A.  C.  and  Weston  mul- 

137 

rhomson-Houston.           [tiple-series. 

692 

1,000 

Thomson-Houston. 

St.  Catharines,  Ont.. 

105 

215 

Thomson-Houston  Arc,  Weston  mul- 
tiple-series   Incandescence. 

Sherbrooke,  Que.. .. 

167 

500 

Ball  and  Thomson-Houston  Arc,  and 
T.-H.,  A.  C.  Incandescence. 

St.  John,  N.B 

325 

1,000 

Thomson-Houston. 

tt 

205 

Brush. 

750 

1,000 

Hochhausen- Wright  Arc,  and  T.-H. 
series  Incandescence. 

»          (i 

10,000 

Edison. 

Truro,  N.S 

60 

1,800 
1,200 

Valleyfield,  Que 

Edison. 

Vancouver,  B.C.... 

100 

1,150 

Thomson-Houston  Arc,  Edison  Inc. 

50 

1,200 

Ball  Arc,  Edison  Incandescence. 

200 

1,000 

Brush  and  Thomson-Houston  Arc, 
and  T.-H.  Incandescence. 

*           it 

3,000 

Edison. 

Yarmouth,  N.S 

100 

Fnllpr   Wnnr?. 

*  The  two  stations  marked 
actually  run  at  present  about 
they  are  rated. 


thus  have  the  nominal  capacity  given  here,  but 
20  per  cent,  of  the  number  of  lights  at  which 
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The   private   installations   for  incandescence    lighting   in    Canada, 
having  a  dynamo  capacity  exceeding  600  lamps  of  16  c.  p.,  are: — 


Name  of  Owner. 

No.  of 

lamps  16 

c.p. 

System. 

Canada  Cotton  Co.,  Cornwall,  Ont 

1,250 

1,000 

1,000 

1,000 

850 

850 

800 

700 

600 

Edison. 

New  York  Life  Ins.  Co.,  Montreal,  Que. . . . 
Canadian  Pacific  Railway  Station, Montreal. 

u 

Brush. 

Edison. 

a 

a 

Thomson-Houston. 
Edison    &   Thomson- 

Houston. 
Brush. 

The  following  is  a  summary  of  the  number  of  lights  of  the  various 
systems  now  in  operation  in  the  Dominion  : — 


System. 

Arc  Lights. 

Incandescent 
Lights. 

6,105 

'3*529 

615 

750 

1,780 

180 
425 

150 

14,600 

23,500 

1,660 

3,300 

Ball 

Houhhausen  (Wright's  improved) 

6,850 

5,850 

4,515 
3,125 

Weston 

5,365 

Fuller  Wood 

1,500 

ENGINES. 

"Whether  the  system  to  be  employed  be  the  low  tension  incandescence, 
the  alternating  current  incandescence,  or  the  high  tension  continuous 
current  arc  system,  the  three  which  are  to-day  practically  the  only  ones 
operated  to  any  extent  in  America,  one  of  the  chief  points  to  be  con- 
sidered in  the  construction  of  a  station  is  the  economical  generation  and 
application  of  the  prime  power.  Unfortunately  in  a  great  many  cases 
■where  steam  power  is  used,  it  was  assumed  in  the  early  stages  of  elec- 
tric station  construction  that  any  kind  of  steam  plant  would  answer. 
Old  slide-valve  engines,  which  drove  machinery  as  antiquated  as  them- 
selves in  machine  shops,  saw  mills,  woollen  factories,  and  like  places 
during  the  day  were  used  at  night  for  the  running  of  electric  light 
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machinery,   and  very  good  reason  naturally  existed  for  the  complaints 
j  made  of  the  unsteadiness  and  unsatisfactory  character  of  the  lights 
supplied. 

High-speed  engines  belted  direct  to  the  dynamos  were  next  tried,  and 
;  having  been  found  to  give  much  better  results  in  point  of  steadiness,  a 
number  of  builders,  who  had  had  no  experience  in  such  work,  undertook 
the  manufacture  of  this  class  of  engines,  and  evidently  tried  to  com- 
bine the  old  designs  for  agricultural  engines,  upon  which  their  previous 
practice  was  based,  with  some  of  the  principles   embodied    in   the  best 
class  of  engines  sold  in  the  United  States  for  electric  light  purposes. 
I  The  product  was  a  mechanical  curiosity,   and  a  failure.      It  is  safe  to 
Bay  that  in  not  one  of  the  Canadian  shops  building  these  engines  in  the 
early  history  of  electric  lighting  in  Canada  was  there  a  proper  equip- 
i  ment  for  the    manufacture  of  high-speed  machines  of  any  kind.     No 
parts  were  made    to  gauge  so  that  in  the  event  of  a  breakdown  the 
broken  part  could  be  duplicated  without  sending  it  back  to  the  shop  as 
'  a  model.     A  reaction  soon  afterwards  set  in  in  favour  of  slow-speed 
1  engines,  especially  for  arc  lighting,  and  at  the  present  time,  with  few 
;  exceptions,  engines  of  the  Brown  and  Wheelock  types  are  used  in  all 
arc  light  stations  in  Canada  operated  by  steam  power.     For  the  running 
of    incandescence    plants,    however,    high-speed    engines,    mostly   of 
American    manufacture,  have  obtained  the   preference  to  which  their 
excellent  qualities  and  performance  entitle  them. 

Brown  engines  furnish  the  motive  power  for  the  Central  Stations  in 
Montreal,  Toronto  and  Winnipeg,  both  Brown  and  Wheelock  engines 
are  used  in  Halifax  and  London,  and  Wheelock  engines  in  Hamilton, 
while  Armington  and  Sims  engines  are  the  prime  motors  in  the 
stations  in  St.  Johns,  N.F.,  St.  John,  N.B.,  Calgary,  Alta.,  Vancouver 
and  Victoria,  B.C.,  and  in  the  Parliament  Buildings  at  Ottawa. 

14,750  H.  P.  generated  by  steam  engines  is  used  for  electric  light- 
ing and  electric  railway  working  in  Canada. 

The  economy  of  many  stations  could  be  increased  by  the  intelli- 
gent use  of  the  indicator,  instead  of  trusting  to  the  valves  of  engines 
being  properly  set  by  guess  work,  as  is  now  so  frequently  the  case. 

BOILERS. 

With  the  exception  of  the  Boyal  Electric  Co.'s  east  end  station  in 
Montreal,  the  ordinary  horizontal  fire-tubular  steam  boiler  has  been 
used  in  every  station.  In  that  case  the  Babcock  and  Wilcox  water- 
tubular  boiler  is  employed.  In  some  cases  the  Jar  vis  setting  has  been 
adopted,  but  not  to  any  considerable  extent. 
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WATER   POWERS. 

At  Quebec,  power  is  obtained  at  the  Falls  of  Montmorency,  nine 
miles  distant,  to  drive  the  Thomson-Houston  arc  dynamos  and  Thom- 
son-Houston A.  C.  incandescence  machines. 

At  Peterboro,  water  power  is  used  to  drive  Thomson-Houston  arc 
dynamos,  from  which  137    arc  lights  and  a  number  of  Bernstein  incan- 
descent  lamps  in  series  are  supplied.     At  Barrie,  Ont.,  a  stream  five 
miles  distant  from  the  town  furnishes  the  power  for  both  the  arc  and  i 
Brush  A.  C.  incandescence  plants. 

Also  in  Ottawa,  Cornwall,  Smith's  Falls,  St.  Catharines,  Welland, 
Dunville,  Thorold,  Sault  Ste.  Marie,  Sherbrooke,  Joliette,  Valleyfield,  I 
Almonte,  and  some  other  places,  for  both  factory  and  central  station 
lighting,  water  furnishes  the  motive  power,  the  total  H.  P.  from  tur- 
bines used  for  electric  lighting  and  power  transmission  in  the  Dominion 
being  4520,  or  more  than  one  fifth  of  the  whole  power  utilized  for  this 
purpose. 

ATTACHMENT   OF   DYNAMOS. 

The  dynamos  are  not  coupled  direct  to  engines  in  any  of  the  Cana- 
dian stations.  Ordinary  double  leather  belting,  made  without  seams  or 
rivets,  is  generally  used.  In  a  few  cases  link  leather  belting  has  been 
tried,  but  the  results  have  so  far  justified  the  opinion  that  this  belting 
has  been  invented  chiefly  to  find  a  market  for  scrap  leather.  Belting 
should  not  be  overtaxed.  One  inch  width  of  double  leather  belting 
running  at  a  speed  of  750  feet  per  minute  will  easily  transmit  one 
horse  power,  and  at  this  tension  will  last  a  long  time.  Some  dynamo 
manufacturers,  in  order  to  impose  the  belief  that  their  machines  use  but 
little  power,  are  in  the  habit  of  providing  a  much  smaller  margin 
than  this  per  horse  power.  The  only  advantage,  of  which  the  ; 
contractor  receives  marly  the  whole  benefit,  is  that  the  first  cost  is 
decreased.  The  disadvantages,  which  affect  the  purchaser,  are  the 
necessary  excessive  tightness  of  the  belt,  and  the  consequent  heating  of 
journals,  rapid  wear  of  the  belt,  and  large  oil  consumption.  Rope 
diving  may  eventually  be  used  as  it  has  many  advantages,  but  so  far, 
with  one  exception  in  an  isolated  plant,  the  method  has  hitherto  not 
been  tried  in  Canada. 

ARC    LIGHTING   SYSTEMS. 

The  arc  lighting  systems  in  use  in  Canada  are  the  Thomson-Houston, 
Ball,  Brush,  Reliance,  American  or  Fuller  Wood,  Hochhausen 
(Wright's  improved)  and  Weston.  The  large  majority  of  machines 
and  lamps  is  of  the  Thomson-Houston  and  Ball  systems. 
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la  the  Thomson-Houston,  in  the  Brush  and  in  the  Fuller  Wood 
or  American  systems  a  current  of  9.6  amperes  is  used,  with  a 
pressure  varying  according  to  the  number  of  lamps  in  circuit.  In 
the  Ball  system  a  current  of  8  to  8 \  amperes  has  been  the  standard, 
but  lately  that  company  have  supplied  several  plants  having  a  current 
of  only  four  amperes,  the  lamps  for  which  are  nominally  of  1,000 
candle  power  each.  In  the  Hochhausen-Wright  system,  a  current  of 
10  amperes  is  used.  In  the  Weston  system  the  current  is  about  18 
amperes,  and  the  P.  D,  between  the  terminals  of  each  lamp  25  volts. 
On  account  of  the  short  arc  and  the  consequent  hissing  the  Weston 
lamp  has  not  fouud  general  favour  in  this  country.  The  regulation  of 
the  Thomson-Houston  machine  is  excellent.  The  lamp  also  has  the 
merits  of  simplicity  of  construction  and  steadiness  in  running.  The 
feed  is  purely  gravitational  like  the  Brush  feed,  controlled  by  electro- 
magnetic action,  there  being  no  clock-work  or  gearing.  It  is  not, 
however,  quite  so  steady  as  some  clock-work  arc  lamps,  and  requires 
the  feed  rod  to  be  kept  very  clean  in  order  to  secure  the  proper 
working  of  the  clutch.  With  the  rack  and  pinion  lamps  this  point  is  not 
of  such  importance,  and  the  difference  in  the  running  of  the  two  kinds 
of  lamps  sometimes  observed  may,  to  some  extent,  be  due  to  the  cleaning 
of  the  clutch  lamp  rod  having  been  neglected. 

In  regard  to  the  rating  of  arc  lamps  some  change  seems  to  be  desirable. 
At  present  lamps  taking  48  volts  and  9.6  amperes,  lamps  of  the  same 
voltage  taking  10  amperes,  and  lamps  of  50  volts  and  8  amperes,  are  all 
compared  the  one  with  the  other,  and  each  is  called  2,000  candle  power, 
which  is  manifestly  absurd.  The  current  and  pressure,  or  watts  per 
lamp,  should  be  given  in  all  specifications,  tenders  and  contracts. 

STREET    WIRING  FOR  ARC  LIGHTS. 

In  wiring  for  arc  plants,  as  is  generally  known,  one  wire  of  uniform 
section  is  carried  from  the  machine  to  the  lamps,  where  it  is  cut,  one 
end  being  placed  in  the  first  binding  post  and  the  other  in  the  second 
binding  post,  and  so  continued,  the  pressure  falling  on  an  average  about 
48  volts  for  each  lamp  in  circuit,  where  the  lamps,  as  is  the  general  prac- 
tice on  this  continent,  are  always  run  in  series. 

For  lamps  of  2,000  nominal  candle  power  No.  6  and  for  lamps  of 
1,200  nominal  candle  power  No.  8  wire  American  gauge,  is  used  for 
the  leads.  Up  to  within  the  past  two  years,  the  insulation  known 
as  " Under Wiiteio  wire  "  was  used,  but  lately  this  has  given  place 
to  much  superior  quality.  Unfortunately,  there  is  still  room  for  im- 
provement even  on  the  best  which  has  yet  been  supplied  in  Canada. 
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SYSTEMS    OF   DISTRIBUTION    FOR    INCANDESCENCE    LIGHTING. 

In  the  distribution  of  current  for  incandescence  lighting  from  central 
stations  the  multiple  arc  two-wire  system  with  low  tension  continuous 
currents  was  first  used  during  1882  and  1883. 

In  private  installations  at  that  time  the  tree  system  of  wiring  was 
usually  followed,  and  it  has  not  yet  been  entirely  abandoned,  although 
used  in  very  few  installations  at  the  present  date.  In  one  station  in 
the  Maritime  Provinces  wired  on  this  principle,  the  pressure  varies  from 
125  volts  at  the  lamps  nearest  the  dynamo  to  110  volts  at  the  furthest 
point  of  distribution.  But  since  1884,  very  few  stations  indeed  and 
few  isolated  plants  of  more  than  moderate  size  have  been  constructed  on 
other  than  the  feeder  system. 

A  very  short  experience  of  distribution  on  the  multiple-arc  system 
proved  that  lights  singly  controlled  could  not  be  furnished  econo- 
mically by  it  at  a  greater  distance  from  the  central  station  than  a 
quarter  of  a  mile  radius.  The  three-wire  system,  invented  by  Dr. 
John  Hopkinson,  and  elaborated  by  Mr.  Edison,  was  a  temporary  and 
partially  successful  solution  of  the  difficulty,  but  this  system,  although 
it  greatly  reduced  the  quantity  of  copper  necessary,  only  increased  the 
radius  of  distribution  on  a  paying  basis  by  another  quarter  of  a  mile, 
and,  while  satisfactory  for  thickly  populated  towns,  still  left  the  dis- 
tribution of  light  in  suburban  districts  or  openly  built  country  towns 
as  far  from  attainment  as  ever.  The  adoption  of  the  alternating 
current  system  of  distribution  solved  the  difficulty. 

The  method  of  regulation  first  employed  for  the  maintenance  of  equal 
pressure  at  the  ends  of  the  feeders  in  the  three-wire  system  consisted  of 
placing  adjustable  resistances  or  feeder  equalizers  in  each  circuit,  more 
or  less  resistance  being  inserted  by  hand,  according  to  the  indications  of 
the  pressure  indicators.  Where  the  frames  of  such  equalizers  were 
made  absolutely  fireproof,  such  a  system  of  regulations  in  small  stations 
having  only  three  or  four  sets  of  feeders  radiating  from  it  was  in  a 
measure  unobjectionable,  but  when  it  came  to  the  distribution  of  several 
hundreds,  perhaps  thousands,  of  amperes  of  current,  through  dozens  of 
sets  of  feeders,  the  loss  in  these  equalizers  became  a  serious  matter,  and 
perfect  regulation  was  difficult  of  attainment.  In  several  cases  also 
the  heating  of  the  equalizers  was  the  origin  of  fires  which  resulted  in 
the  burning  down  of  the  stations,  the  destruction  of  the  Edison  stations 
in  Boston  and  Xew  York  being  cases  in  point.  In  recent  practice  these 
equalizers  have  not  been  used,  but  a  method  of  interlacing  the  feeders  as 
well  as  the  distributing  mains  has  been  adopted,  necessitating  a  somewhat 
larger  outlay  in  conductors,  but  not  involving,  as  in  the   other   case, 
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i  a  loss  of  energy  by  the  heating  of  useless  resistance.  With  this 
interlacing  the  pressure  at  the  lamps  is  much  more  nearly  constant  than 
under  the  old  method. 

At  the  price  of  labour  and  fuel  and  the  selling  prices  current  in  this 
country,  it  may  safely  be  said  that  the  economical  distribution  of 
light  or  power,  on  the  three-wire  system,  is  limited  to  half  a  mile 
radius  from  the  station  in  our  most  thickly  populated  towns.  In  both 
the  United  States  and  Canada,  distribution  by  this  system  has  been 
carried  out  on  a  much  wider  area  for  a  limited  number  of  lights  and 
under  special  circumstances;  but  it  is  doubtful  if  there  is  a  single  city  in 
Canada  which  will  return  any  dividend  on  the  necessary  investment  to 
a  company  placing  low  tension  wires  carrying  a  pressure  of  even  300 
volts  underground,  and  there  are  not  more  than  six  cities  in  the  whole 
Dominion  which  will  yield  any  return  on  this  system  with  overhead  wires, 
unless  the  charges  for  electric  lights  be  at  least  50  per  cent,  more  than 
the  current  prices  for  gas. 

ALTERNATING   CURRENT   DISTRIBUTION. 

In  the  method  of  distribution  by  high  tension  alternating  currents,  the 
converters,  indicated  by  Fig.  1,  are  placed  in  parallel  circuit.  As  shown, 
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(Fig.  1.) 

the  high  tension  current  from  the  dynamo  does  not  enter  the  premises  of 
the  consumer  but  merely  passes  through  the  fine  wire  in  alternately 
opposite  directions,  and  generates,  by  induction,  a  low  tension  current 
in  the  secondary  or  thick  wire  of  the  converter  or  transformer,  which 
induced  current  is  carried  into  the  houses  and  through  the  lamps. 

There  are  at  present  no  alternating  current  motors  in  use  developing 
large  powers,  but  probably  before  many  months  have  elapsed  machines  will 
be  supplied  which  will  convert  the  electrical  energy  of  alternating  current 
into  power  with  high  efficiency.  Granz  &  Co.,  of  Buda  Pesth,  have  indeed 
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nearly  completed  a  station  from  which  to  distribute  power  by  A.  C. 
motors,  and  the  Westinghouse  Company  are  just  completing  a  contract  for 
A.  C.  motors  for  mine  working.  It  is  also  the  case  that  the  A.  C.  system 
will  not  easily  lend  itself  to  the  charging  of  storage  batteries,  without 
a  complication  of  commutators  and  other  apparatus ;  but  there  does 
not  appear  to  be  any  demand  for  the  charging  of  storage  batteries  except 
what  can  be  supplied  from  continuous  current  stations  or  isolated  plants 
now  n  operation,  or  for  which  special  dynamos  would  not  be  best  use 
separate  and  distinct  from  any  other  circuit. 

ARC  LIGHTING   DYNAMOS. 
Brush  Arc  Lighting  Dynamo  (Fig.  2). 

This  machine  was  first  made  with  both  armature  and  field  cores  of 
cast  iron ;  but  for  some  years  past  the  armature  has  been  built  up  of 
lamiuated  hoop  iron  of  good  quality,  a  simple  modification  which  has 
raised  the  efficiency  greatly,  enabling  the  output  to  be  increased  50 
per  cent,  while  running  at  the  same  speed  as  formerly.  Upon  the  ring  so 
formed  the  copper  coils  are  wound.  The  18-light  machine  weighs  1500 
lbs.,  the  30-light  machine  25U0  lbs.,  and  the  65-light  machine  4800  lbs. 
complete.  The  P.  D.  at  lamp  terminals  is  the  same  as  in  the  Thomson- 
Houston  system,  48  volts,  and  the  current  is  9.6  amperes.  The  output 
of  the  first  two  sizes  is  5.53  watts  per  lb.  gross  weight,  and  is  6.2  watts 
per  lb.  gross  weight  for  the  large  machine.  The  respective  speeds 
at  full  load  are  1050,  950  and  805  revolutions  per  minute.  In  the  65 
light  machine  the  copper  wire  on  the  armature  weighs  1340  lbs.  and 
on  the  fields  1264  lbs.,  so  that  the  output  is  11.5  watts  per  lb.  of  the 
total  weight  of  copper  wire  on  the  machine,  and  22.35  watts  per  lb. 
of  the  copper  wire  on  the  armature. 

Thomson- Houston  Arc  Dynamo  {Fig.  3). 
In  the  Thomson-Houston  dynamo  the  field  is  composed  of  two  mas- 
sive iron  castings  upon  which  the  magnetising  coils  of  copper  wire  are 
wound,  and  these  castings  are  of  such  shape  that  they  nearly  completely 
encircle  the  armature,  being  fastened  together  over  it  by  wrought-iron 
bolts,  which  form  the  yoke  or  keeper.  The  armature  core  is  a  spheroid 
built  up  of  soft  iron  wire.  Upon  this  core  three  coils  of  copper  wire  are 
wound,  these  being  connected  together  at  their  inner  ends,  their  outer 
ends  being  carried  out  and  fastened  to  a  three  segment  commutator. 
The  regulation  of  the  current,  which  in  all  arc  lighting  machines  should 
be  maintained  constant,  is  performed  by  an  electro  magnet  which 
shifts  the  position  of  the  brushes  on  the  commutator,  as  fully  described 
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in  Silvanus  Thompson's  "  Dynamo  Electric  Machinery."  The  mag- 
netism of  this  machine  leaks  outwardly  to  a  considerable  degree,  which, 
of  course,  is  a  bad  fault.  There  is  also  the  objection  to  the  form,  that  it  is 
necessary,  in  case  of  breakdown  of  the  armature,  to  dismantle  the  whole 
of  the  machine  before  the  armature  can  be  removed,  and  that  that  being 
done,  should  a  coil  be  burned  out  it  is  necessary  to  completely  rewind 
the  armature — in  itself  the  work  of  several  weeks. 

The  nominal  50-light  Thomson-Houston  machine  will  run  60  arc  lamps 
of  2000  nominal  ci;ndle  power  on  a  short  circuit  of  wire  ;  and  speeded 
at  850  revolutions  per  minute,  has  a  working  E.  M.  F.  of  2700  volts 
with  a  current  of  9.6.  amperes.  Its  total  weight  is  6200  lbs.  The 
iron  in  the  armature  weighs  340  lbs.,  and  the  two  cast-iron  field  cores 
weigh  2710  lbs.  The  weight  of  copper  wire  on  the  armature  is  378 
lbs.  and  on  the  fields  820  lbs.  The  output  is  4.18  watts  per  lb.  of  gross 
weight;  21.6  watts  per  lb.  of  copper  wire  on  the  machine;  and  76.25 
watts  per  -lb.  of  armature  wire. 


Ball  Arc  Dynamo  (Fig.  4). 

The  Ball  arc  light  dynamo  has  a  Gramme  ring  armature,  or 
rather  two  armatures,  running  between  blocks  peculiarly  placed  one 
above  one  armature  and  the  other  under  the  other  armature,  and  it  has 
wrought-iron  fields  and  pole  pieces  :  in  fact  the  whole  machine  frame  is 
made  of  wrought-iron.  It  weighs  much  less  therefore  than  other  ma- 
chines in  which  cast-iron  is  used,  the  25-light  machine  weighing  990  lbs 
while  the  35-light  machine  weighs  1180  lbs.  complete.  The  current 
is  8£  amperes,  and  the  voltage  per  lamp  48.  The  output  is  10.3 
watts  per  lb.  gross  weight  of  the  first  machine  and  11.97  watts  per  lb. 
of  the  35-light  machine.     The  weight  of  copper  wire  on  the  armatures 
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of  the  35-light  dynamo  (there  being  two  in  each  machine)  is  102  lbs., 
and  on  the  fields  150  lbs.  The  output  is  thus  56.6  watts  per  lb.  of  cop- 
per on  the  machine  and  140  watts  per  lb.  of  copper  wire  on  the  armature. 
The  speed  of  the  two  machines  mentioned  is  1365  and  1275  revo- 
lutions per  minute  respectively.  The  resistance  of  the  field  winding 
of  the  35-light  machine  is  13  ohnts,  and  of  the  winding  of  the  two 
armatures  15  ohms. 

The  Ball  Co.  have  recently  made  a  machine  intended  for  80  ar 
lamps,  of  which  the  following  are  some  of  the  particulars  :  Weight  of  the 
machine  complete  3200  lbs.  ;  current  10  amperes  ;  E.  M.  F.  3750  volts; 
speed  940  revolutions  per  minute  ;  wire  on  field  362  lbs.  No.  10  ;  on 
armatures  222  lbs.  No.  15  B.  &  S.  gauge;  iron  in  each  armature  core 
137i  lbs.  The  output  of  this  machine  is  11.66  watts  per  lb.  gross 
weight :  63.21  watts  per  lb.  of  copper  wire  on  the  machine,  and  168.83 
watts  per  lb.  of  copper  wire  on  the  armature. 

Toronto  Arc  Dynamo. 

The  machines  made  by  the  Toronto  Electric  Light  Company  for  use 
in  their  own  station  are  of  the  Hochhausen  type,  modified  and  improved 
by  Mr.  J.  J.  Wright,  the  company's  electrician  and  manager.  The 
company  do  not  manufacture  machines  for  sale,  but  make  all  their 
own  arc  light  dynamos.  Their  standard  type  is  a  40-light  machine 
10  ampere  current,  average  P.D.  at  binding  posts  of  lamps  48  volts. 
The  field  is  laid  horizontally,  being,  it  may  be  said,  a  Hochhausen 
machine  laid  on  its  side.  The  field  cores  are  of  wrought-iron,  the  frame 
and  pole  pieces  of  cast-iron.  The  cast-iron  weighs  1200  lbs.  in  each 
machine.  The  field  winding  consists  of  700  lbs.  of  No.  9  copper  wire, 
and  on  the  armature  there  are  180  lbs.  of  wire.  The  armatures 
are  sectional,  the  coils  being  wound  separately  on  moulds.  Each 
armature  has  18  coils  with  Gramme  connections.  The  commutator 
consists  of  18  segments,  and  is  mounted  on  slate  with  an  air  space 
between  the  sections.  The  weight  of  the  completed  machine  being 
2400  lbs.,  the  output  is  at  the  rate  of  8  watts  per  lb.  gross  weight;  21.8 
watts  per  lb.  of  wire  on  the  dynamo,  and  106.6  watts  per  lb.  of  the 
copper  wire  on  the  armature.  Mr.  Wright  in  a  communication  on  the 
subject  sarcastically  states:  "Unlike  all  other  systems  our  armature 
"  coils  sometimes  burn  out,  and  I  have  adopted  the  sectional  style  to 
"  facilitate  repairs.  The  power  required  I  have  not  accurately  deter- 
"  mined,  but  it  is  nearly  f  horse  power  per  light — rather  over  than 
"  under — when  working  to  full  current  and  voltage.  I  adopt  a  few  coils 
"  on  armature  rather  than  many,  for  while  the  spark  at  brushes  is 
"  larger,  the  increased  simplicity  of  all  parts  more  than  compensates." 
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Westinghouse  A.  C.  Arc  Dynamo. 

This  dynamo,  recently  put  upon  the  market,  embodies  several  novel 
features.  The  frame  of  the  60-light  arc  machine  is  cast  off  the  same 
patterns  as  the  ordinary  750-ligbt  Westinghouse  incandescence  dynamo; 
and  the  only  difference  in  the  field  windings  is  that  the  iron  cores  pro- 
ject through  the  coils  to  a  greater  extent  than  in  the  incandescent  ma- 
chine, the  coils  being  shorter.  The  principal  feature  of  the  machine  is 
the  armature  winding,  which  is  almost  entirely  enveloped  by  the  lami- 
nated iron  discs  forming  the  core,  and  is  connected  to  two  collecting 
collars  as  in  the  Westinghouse  incandescence  machines.  The  speed 
is  GOO  revolutions  per  minute,  the  periodicity  being  60  cycles. 

The  lamp  has  two  laminated  wire  cores,  somewhat  similar  to  the 
core  of  the  Westinghouse  ammeter,  hung  on  a  swinging  arm,  one  of 
which  plunges  into  the  coarse  wire  series  coil  and  the  other  into 
the  fine  wire  shunt  coil.  One  carbon  rod  only  is  used,  and  the 
carbon  itself  is  about  'IV'  wide  by  \"  thick.  The  lamp  runs  for  42 
hours  with  one  set  of  carbons.  The  P.  D.  at  lamp  terminals  is  50  volts 
and  the  current  10  amperes.  For  lamps  for  inside  use  a  converter  is 
attached  to  the  high-pressure  street  wires  which  transforms  the  cur- 
rent to  50  volts  and  10  amperes,  so  that  50  volts  is  the  maximum 
pressure  entering  a  building.  With  the  60-light  machine  the 
lamps  when  required  fur  street  lighting  only,  may  be  ruu  in  series 
without  the  use  of  these  converters.  In  the  125-light  machine  the  cur- 
rent is  30  amperes  and  the  total  E  .M.  F.  21 00  volts,  and,  with  this  size, 
converters  are  used  for  all  the  lamps  (whether  for  street  or  interior 
lighting),  which  raise  the  voltage  from  17  volts  per  lamp  to  50  and 
reduce  the  current  from  30  to  10  amperes.  These  are  made  to 
carry  one,  three,  or  five  lights  each. 

The  machines  are  started  upon  short  circuit,  and  when  fully  excited 
a  switch  is  opened  and  the  lamps  thereby  thrown  into  circuit.  During 
a  recent  visit  of  the  author's  to  one  of  the  Westinghouse  stations  with  a 
sensitive  ampere  meter  attached,  the  total  change  in  the  current  when 
the  lamps  were  thus  placed  in  circuit  was  less  than  two  amperes,  and 
this  was  only  temporary.  Provision  is  made  by  attachments  on  the  dyna- 
mo and  on  the  wires  in  the  station  to  prevent  the  opening  of  the  circuit. 

LOW    TENSION   INCANDESCENCE   DYNAMOS. 

The  Edison  Dynamo  (Fig.  5). 

The  type  of  low  tension  machines  which  has  found  most  favour  on 
this  continent  is  the  Edison  as  modified  and  improved  by  Dr.  Hopkin- 
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Fig.  5. 
EDISON  COMPOUND-WOUND  DYNAMO. 
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son,  and  further  perfected  at  the  Edison  Machine  Works.  Between 
'the  machines  made  by  the  Edison  Co.  in  America  and  the  Edison- 
Hopkinson  machine  made  by  Mather  &  Piatt  of  Manchester  there 
is  this  difference  :  the  field  cores  of  the  Edison  machine  are  made 
(cylindrical  and  the  armature  core  is  still  built  up  of  iron  discs  bolted 
together ;  while  the  Edison  Hopkinson  machine  has  field  cores,  the  sec- 
tion of  which  is  a  square  between  two  half  circles,  and  the  armature 
discs  are  held  together  by  nuts  at  each  end  of  the  core  screwed  on  the 
shaft,  thus  giving  the  core  a  greater  sectional  area. 

The  Edison  machines  known  as  Nos.  10,  12  and  16  will  serve  to  illus- 
trate the  general  construction  of  Edison  dynamos,  and  their  relative  pro- 
portions and  weights.  The  No.  10  machine  is  made  for  an  E.  M.  F.  of 
125  volts  and  a  current  of  200  amperes,  but  is  hardly  ever  run  at 
;more  than  200  amperes  and  110  volts  except  for  central  station 
Iwork.  The  total  weight  of  this,  the  best  running  of  all  the  Edison 
dynamos,  is  3570  lbs.  The  two  cast-iron  field  blocks  weigh  600  lbs. 
The  field  cores  which,  as  in  all  Edison  machines,  are  of  wrought-iron, 
are  each  10^"  diameter  by  161"  lorn;,  and  are  connected  by  a 
massive  wrought-iron  keeper  lO}"  wide  by  8"  deep  by  26.^"  long. 
The  field  cores  are  wound  with  220  lbs.  of  copper  wire — 110  lbs.  on 
each  limb.  The  wrought-iron  in  the  armature  weighs  220  lbs.,  the  dimen- 
sions of  the  armature  shell  before  windingare8f"  diameter  by  16i"  long, 
and  the  winding  is  a  modified  Siemens,  taking  60  lbs.  nett  weight  of 
copper  wire.  The  diameter  of  the  completed  armature  outside  the 
bands  is  911  "  and  the  bore  of  the  fields  being  9  |5",  there  is  a 
clearance  of  \"  all  round.  The  speed  of  the  machine  is  1300  revo- 
lutions per  minute.  The  resistance  of  the  shunt  coils  is  37  ohms, 
and  of  the  armature  about  .017  ohm  cold,  the  shunt  being  thus  about 
2200  times  the  resistance  of  the  armature.  The  output  of  this  machine 
at  110  volts  and  200  amperes  is  6.13  watts  per  lb.  gross  weight,  77 
watts  per  lb.  of  copper  wire  on  the  machine,  and  333  watts  per  lb.  of 
wire  on  the  armature.     There  are  66  bars  in  the  commutator. 

The  next  two  sizes  will  serve  as  a  basis  of  comparison  with  the  Royal 
Electric  Co.'s  Thomson  incandescence  machine  and  the  two  Brush 
incandescence  machines,  of  which  the  particulars  are  hereafter  given. 

The  weights  and  dimensions  of  the  No.  12  Edison  dynamo  are  as 
follows  : — complete  machine  4340  lbs.  ;  the  cast-iron  field  blocks  weigh 
800  lbs.— 400  lbs.  each.  The  field  cores  are  20|"  long  by  11£" 
diameter.  The  keoper  ie  27^" long,  11^"  wide  and  8|"  deep.  Th'e  arma- 
ture core  is  9\±"  diameter,  and  1SJ/'  long.  When  wound  the  arma- 
ture  is   10}s"   diameter  over   bands,    and   the  bore   of  the  fields   is 
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11J,  the  clearance  being /g".  248  lbs.  of  wire  are  wound  on  the  fields, 
and  84  lbs.  of  wire  on  the  armature.  The  resistance  ol  the  shunt 
is  28.5  ohms  and  the  resistance  of  the  armature  .011  ohm,  the  ratios 
being  as  2600  to  1.  At  110  volts  and  240  amperes  the  output  per  lb. 
gross  weight  is  6.08  watts ;  for  each  lb.  of  copper  on  the  machine  it  is 
79.5  watts,  and  for  each  lb.  of  copper  on  the  armature  314.3  watts. 
The  speed  is  1200  revolutions,  and  there  are  58  segments  in  the 
commutator. 

The  No.  16  machine  made  for  a  current  of  320  amperes  weighs  6800 
lbs.  The  field  cores  are  12|"  in  diameter  by  23^  in  length.  The 
keeper  is  12f"  wide  x  10"  deep  by  322-"  long.  The  two  cast-iron  pole 
pieces  weigh  about  600  lbs.  each,  and  are  28^  inches  in  length,  parallel 
with  the  shaft.  The  bore  of  fields  is  12r76"  diameter  ;  the 
armature  core  is  11,^"  diameter  by  20 \"  long,  and  when  wound 
the  finished  armature  is  124/'  over  the  bands,  the  clearance  being  thus 
£/'  all  round.  The  weight  of  iron  in  the  armature  core  is  about 
400  lbs.,  the  number  of  commutator  segments  is  52,  and  the  speed  is 
1000  revolutions  per  minute.  Each  field  limb  is  wound  with  160  lbs. 
of  copper  wire — 320  lbs.  on  both.  The  armature  is  wound  with  133 
lbs.  of  copper  wire,  one-third  the  weight  of  the  iron  disc  core.  The 
resistance  of  the  shunt  is  22.7  ohms,  cold,  and  of  the  armature  between 
opposite  bars  .009  ohm,  the  ratios  being  as  2500  to  1.  As  a  shunt 
wound  machine  run  at  110  volts  and  320  amperes  the  output  is  5.18 
watts  per  lb.  gross  weight :  77.7  watts  per  lb.  total  copper  wire,  and 
264.66  watts  per  lb.  of  wire  on  the  armature.  When  compound 
wound  the  series  winding  of  this  machine  is  composed  of  10  wires  in 
parallel,  making  5  complete  spirals  round  each  limb  outside  the  shunt 
winding.     Its  resistance  is  .001  ohm. 

The  armature  cores  in  all  the  Edison  machines  are  built  up  of  the 
softest  disc  iron  .006"  thick,  separated  by  thin  manilla  paper,  and 
every  fifth  disc  is  more  widely  separated  from  the  next  by  several  thick- 
nesses of  the  same  paper.  In  the  three  machines  above  mentioned 
there  are  two  layers  of  wire  on  the  armature,  of  which  each  section  is 
wound  once  around  the  core. 

Brush  loxo  tension  Incandescence  Machines  (Fig.  6). 

The  Brush  incandescence  machines  are  much  lighter  than  the  Edison 
for  the  same  output.  The  new  type  which  is  being  put  upon  the 
market  has  closed  Gramme  ring  armatures  connected  to  60  segments  in 
the  commutator,  the  old  type  of  machine,  with  only  eight  armature  seg- 
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Fig.  7 
THOMSON-HOUSTON  INCANDESCENCE  DYNAMO. 
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ments,  as  in  the  arc  light  machine,  having  been  recently  abandoned. 
Of  this  new  type  of  machine  particulars  have  not  yet  been  given.  The 
old  250  ampere  machine  weighs  2300  lbs  ;  the  weight  of  iron  in  the 
armature,  which  is  composed  of  laminated  hoop  iron,  is  178  lbs.,  and 
the  weight  of  iron  in  the  fields  is  400  lbs.,  the  weight  of  copper  on  the 
armature  is  148  lbs.,  shunt  360  lbs.  and  series  coil  346  lbs.  The  gross 
weight  of  the  360  ampere  machine  is  3200  lbs;  the  weight  of  iron  in 
the  armature  is  258  lbs.  and  the  weight  of  copper  is  184  lbs :  on  the 
fields  there  are  444  lbs.  of  copper  in  the  shunt  and  460  lbs,  in  the  series 
coils.  The  output  of  the  250  ampere  105  volt  machine  is  11.4  watts  per 
lb.  gross  weight:  30.73  watts  per  lb.  of  the  total  copper  wire,  and  177.36 
watts  per  lb.  of  wire  on  the  armature.  For  the  360  ampere  105  volt 
machine  these  figures  are  11.81  watts  per  lb.  gross  weight;  41.81 
watts  per  lb.  of  copper  on  machine,  and  205.43  watts  per  lb.  of 
copper  on  the  armature.  The  speeds  are  1200  revolutions  and  1100 
revolutions  per  minute  respectively. 

The  largest  Brush  machine,  first  made  for  the  Cowles  Smelting  Co. 
of  Lockport,  N.  Y.,  is  equally  adapted  for  the  smelting  of  aluminum  or 
the  production  of  current  for  incandescent  lights.  Its  capacity  is  3200 
amperes  at  86  volts.  It  lias  5424  lbs.  of  copper  on  the  fields  and  1600 
lbs.  of  iron  and  825  lbs.  of  copper  in  the  armature.  The  total  weight 
of  the  machine  is  22,000  lbs.,  and  the  output  12.51  watts  per  lb.  gross 
weight ;  44  watts  per  lb.  of  the  total  copper  wire,  and  332  watts  per  lbs* 
of  wire  on  the  armature. 

Thomson  Incandescence  Dynamo  {Fig.  7). 

This  incandescence  machine,  which  is  made  in  Canada  by  the  Royal 
Electric  Co.,  is  very  similar  to  an  inverted  Edison  dynamo.  The 
wrought  iron  keeper  is  dispensed  with,  the  bed  casting  forming  the 
yoke  between  the  field  cores.  The  armature  is  built  up  in  the  same 
mauner  as  in  the  Edison  machine,  of  wrought-iron  discs,  but  thicker, 
and  instead  of  paper  insulation  between  them,  vulcanized  fibre  is  used. 
The  250  ampere  110  volt  Thomson  machine  weighs  5260  lbs.  complete. 
The  armature  core  is  14  J"  long  by  11^"  diameter,  and  is  wound  with 
130|  lbs.  of  No.  4  wire  to  12f"  diameter  over  the  bands.  The  bore  of 
the  fields  is  13",  thus  allowing  a  clearance  of  ^"  all  round  the  armature. 
There  are  76  segments  in  the  commutator.  The  field  cores,  which 
are  of  wrought  iron,  are  lOf"  diameter  by  12f"  long,  and  are  wound 
with  120^  lbs.  of  No.  15  wire,  and  the  series  coil  of  four  No.  8  wires  weighs 
62  lbs.     The  speed  of  the  machine  is   1300  revolutions   per  minute. 
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Fig.  8. 
WESTINGHOUSE  A.  C.  DYNAMO. 
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Fig.  9. 
BRUSH  A.  C.  DYNAMO. 
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The  output  is,  therefore,  at  full  load  5.23  watts  per  lb.  gross  weight; 
87.79  watts  per  lb.  of  copper  wire  on  the  machine  and  210.3  watts  per 
lb.  of  wire  on  the  armature.  One  peculiarity  of  this  machine  is  the 
manner  in  which  the  series  coils  are  wound  over  the  armature  itself  and 
not  over  the  field  limbs  as  in  other  dynamos.  The  regulation  of  the 
machine  is  not  perfect,  but  is  fully  equal  to  that  of  the  compound- 
wouud  Edison  dynamos. 

ALTERNATING   CURRENT    DYNAMO    MACIIINES. 

Westinghouse  Dynamo  (Fig.  8). 

In  a  description  of  alternating  current  apparatus,  the  first  place  is 
due  to  the  Westinjihouso  Electric  Co.,  of  Pittsburgh,  organized  in  1886, 
the  pioneers  on  this  continent  in  the  supply  of  the  A.  C.  system  of 
distribution  of  electricity. 

The  Westinghouse  1500-light  machine  weighs  9750  lbs.  complete. 
The  armature,  which  is  built  up  of  laminated  discs  of  soft  iron,  is  in 
the  form  of  a  hollow  cylinder,  20|"  in  diameter  and  21"  long,  and 
weighs  1440  lbs.  It  is  wound  with  30  lbs.  of  No.  10£  B.  &  S.  gauge 
wire,  and  its  weight  complete  is  1600  lbs.,  including  the  shaft.  The 
total  weight  of  the  castings  in  the  field  and  bed  plate  is  6838 
lbs.  The  wci»ht  of  copper  wire  on  the  field  bobbins,  which  are  twelve 
in  number,  is  1257  lbs.  The  current  from  the  machine  at  full  load  is 
75  amperes,  and  the  pressure  1050  volts.  The  output  is  thus  7.7 
watts  per  lb.  of  gross  weight  :  58.27  watts  per  lb.  of  copper  wire  on 
the  machine,  2500  watts  per  lb.  of  wire  on  the  armature.  The  speed 
of  the  machine  is  1375  revolutions  per  minute,  and  the  periodicity  136. 
The  exciting  current  is  14  amperes  at  110  volts  pressure,  equivalent  to 
1540  watts,  or  nearly  2   E.  H.  P. 

Brush  A.  C.  Dynamo  (Fiys.  9  and  10). 

This  dynamo  and  the  other  details  of  the  Brush  Company's  alternat- 
ing current  system  are  the  invention  of  Mr.  Gustave  Pfannkuche,  who, 
as  will  be  observed,  has  made  a  radical  departure  from  the  usual  con- 
struction of  dynamos  and  converters  hitherto  adopted  in  this  country, 
and  obtained  results  in  point  of  efficiency  and  general  excellence  of 
design,  not  surpassed,  if  equalled,  in  any  other  system. 

The  machine  shown  in  the  engravings  is  the  1000-li<_:ht  alternator. 
Like  all  the  Brush  A.  C.  dynamos,  it  is  intended  to  be  run  at  from 
2000  to  2200  volts.  This  machine  delivering  30  amperes  at 
that  pressure  runs   at   1100  revolutions   per  minute  at  full  load,  at 
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Fig.  10. 
ARMATURE  OF  BRUSH  A.  0.  DYNAMO. 
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Fig.  11. 
ROYAL  ELECTEIC  CO.S  A.  C.  DYNAMO. 
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which  it  takes  100  H.  P.  to  drive  the  alternator  and  exciter.  The 
exciting  current  of  22  amperes  and  135  volts  is  supplied  by  a  small 
Brush  arc  light  dynamo.  Tbe  regulation  is  effected  by  sending 
part  of  the  current  from  the  exciting  dynamo  through  a  shunt  box  of 
varying  resistance  operated  by  hand.  Very  little  regulation,  however, 
is  required,  as  the  machine  is  nearly  self- regulating  from  no  load  to  max- 
imum load.  The  armature  (Fig.  10)  is  stationary  and  the  fields  revolve, 
this  being  the  only  A.  C.  machine  in  America  so  constructed.  Such  a 
construction  has  many  advantages  :  in  the  first  place  the  revolving  part 
has  only  a  low  tension  current  passing  through  its  coils,  and  being  heavy 
and  perfectly  balanced  acts  as  a  fly  wheel  and  regulator  when 
from  any  cause  there  is  a  tendency  in  the  prime  motor  to  slacken  speed. 
The  wires  from  the  switchboards  are  permanently  attached  to  the  ends 
of  two  coils  of  the  armature.  The  armature  coils  are  light  and  inde- 
pendently bolted  to  the  ring  which  holds  them  in  position  between  the 
field  bobbins.  Should  an  accident  happen  to  one  of  the  armature 
sections,  the  latter  may  be  replaced  in  five  minutes  by  one  man,  the 
weight  being  only  a  little  over  20  lbs.  The  armature  core 
is  composed  of  fibre  in  segments  on  which  are  wound  copper  ribbons 
insulated  by  silk  and  shellac.  The  total  weight  of  the  armature  ribbon- 
is  63  lbs.,  and  of  the  complete  machine  5120  lbs. 

There  are  12  cores  of  alternating  polarity  on  each  side  of  the  field 
wound  with  618  lbs.  of  copper  wire.  These  cores  are  of  wrought- 
iron  bolted  to  two  iron  plates,  and  the  weight  of  the  twelve  id 
456  lbs.  The  output  of  the  machine,  60,000  watts,  is  at  the 
rate  of  11. 71  watts  per  lb.  gross  weight:  88.1  watts  per  lb.  of  the 
total  copper  on  armature  aud  cores,  and  over  952  watts  per  lb.  of  the 
copper  ribbon  on  the  armature. 

The  Royal  Electric  Co.' s  Dynamo  (Fig.  11). 

Sometimes  the  machines  of  the  Royal  Electric  Co.  for  A.  C.  work 
are  made  with  the  exciter  on  the  same  shaft  as  shown  in  the  cut,  but 
more  frequently  the  exciter  is  separate.  In  the  1200-light  dynamo 
with  separate  exciter,  the  active  iron  in  the  fields  weighs  about  3400 
lbs.  and  the  iron  rings  of  the  armature  (which  is  a  hollow  cylinder 
built  up  of  laminated  wrought  iron)  weigh  1250  lbs.  The  radial 
depth  of  these  rings  is  5".  When  turned  up  ready  for  winding  the 
armature  is  24f "  diameter  and  18J"  long.  The  diameter  when  wound 
is  25i"  over  the  bands,  and,  as  the  internal  diameter  of  the  field  bobbins 
is  25i",  there  is  a  clearance  of  full  f6  "  all  round.  The  fields  are  wound 
with  845  lbs.  of  No.  8  B.  &  S.  gauge  wire  ;  the  armature  winding  con- 
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Fig.  12. 

CORE  OF  WESTINGHOUSE  CONVERTER. 
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sists  of  32  lbs.  of  No.  11  B.  &  S.  gauge  wire.  The  speed  of  the  machine 
is  1200  revolutions  per  minute,  and  the  exciting  current  at  full  load 
is  24  amperes  and  90  volts — say  2160  watts  or  nearly  3  E.  H.  P.  The 
standard  output  of  the  machine  is  70  amperes  and  1020  volts,  or  7.5 
watts  per  lb.  gross  weight :  81.41  watts  per  lb.  of  the  total  copper  wire 
and  2231  watts  per  lb.  of  the  wire  on  the  armature. 

RATE   OF    ALTERNATION    OR   PERIODICITY. 

In  the  Brush  dynamo  the  periodicity  is  110,  while  in  the  Fort 
Wayne,  Westinghouse  and  Thomson-Houston  machines  the  periodicity 
is  from  125  to  136. 

The  European  practice  as  to  the  rate  shows  considerable  variation 
Messrs.  Ganz  &  Co.,  of  Buda  Pesth,  in  the  Zipernowsky  system  use  42 
cycles  ;  Mr.  Ferranti  uses  68 ;  Lowrie-Parker  work  their  machines 
at  80;  and  Mr.  Mordey  runs  his  at  100. 

CONVERTERS. 

Westinghouse  Converter  (Figs.  12  and  13). 

The  "Westinghouse  converter  is  of  the  shell  type.  In  the  40-light  con- 
verter, the  core  is  built  up  of  plates  .017  inch  thick,  of  which  the  total 
weight  is  81  lbs.  The  primary  winding  of  No.  16  wire  weighs  10^  lbs., 
and  the  secondary  wire  is  No.  3  gauge,  13£  lbs.  in  weight.  At  50  volts 
and  40  amperes  this  converter  gives  an  output  of  19.09  watts  per  lb.  of 
active  material.  The  P.  D.  required  between  primary  terminals  is  1000 
volts,  developing  an  E.  M.  F.  of  50  volts  at  the  terminals  of  the  secon- 
dary coil. 

Becent  tests  by  Dr.  Louis  Duncan,  of  John  Hopkins  University, 
show  95  per  cent,  efficiency  in  a  40-light  converter  at  full  load,  and 
only  84  watts  loss  with  no  load,  and  90,  87.6,  83.3,  and  70.7  per  cent. 
efficiency  in  a  20  light  converter  at  full,  three-quarter,  half  and  quarter 
loads  respectively. 

Brush  Converter  (Figs.  14  and  15). 

The  Brush  converters  are  of  the  core  pattern,  with  the  exception 
of  the  two  of  smallest  size.  The  iron  wire  in  the  core  of  the  50  light 
converter  weighs  92  lbs.,  the  primary  wire  weighs  20  lbs.,  and  the  second- 
ary winding  11  lbs.  At  100  volts  and  HO  amperes  its  output  is  thus  24.39 
watts  per  lb.  of  active  material.  The  case  weighs  100  lbs.  The  75-light 
converter  core  of  iron  wire  weighs  115  lbs.,  primary  winding  of  copper 
wire  21  lbs.,  and  secondary  winding  15  lbs.     At  100  volts  and  45  am- 
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Fig.  13. 
WESTING  HOUSE  CONVERTER  IN  CASE. 
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20   LIGHT   BRUSH  CONVERTER   IN 
CASE. 


LARGE  SIZE  BRUSH  CONVERTER  (0.  se  removed). 
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peres  the  output  is  29.8  watts  per  lb.  of  active  material.  The  case  weighs 
110  lbs.  These  converters  are  made  iu  standard  sizes  of  5,  10,  20,  30, 
40,  50,  75,  125,  250  lights  and  up  to  1000  lights  capacity.  They  are 
also  made  for  primary  circuits  of  1000  volts  pressure  with  a  ratio  of 
conversion  of  10  to  1  or  20  to  1.  The  core  consists  of  the  finest  Swedish 
iron  wire,  insulated  by  cotton  winding  or  braiding  wound  into  an  octa- 
gon form,  by  having  pieces  of  wood  placed  under  and  through  the  coils, 
as  shown.  The  secondary  wires  are  then  wound  over  the  sections  be- 
tween the  wood  blocks  with  insulated  pads  between  them  and  the  iron 
wire  at  the  corners.  Over  the  corners  of  the  secondary  winding  are 
placed  other  insulating  pads,  over  which  are  then  wound  the  fine  pri- 
mary wires.  There  is  thus  an  air  space  for  insulation  all  round  the 
different  coils  except  at  the  corners  where  the  wires  lie  on  the  insulating 
pads.  The  efficiency  of  a  75-light  converter  varies  from  98  per  cent, 
with  75  lights  attached,  to  93  per  cent.,  with  38  lights. 

THOMSON    CONVERTER. 

The  Thomson  converter,  manufactured  by  the  Eoyal  Electric  Com- 
pany in  this  city,  is  similar  in  construction  to  the  Westinghouse.  The 
following  are  the  particulars  of  the  30-light  size  :  Iron  'discs,  108  lbs. 
primary  wire,  920  feet  No.  18  B.  &  S.  gauge,  4f  lbs.  ;  secondary  wire, 
44  feet  No.  8  B.  &  S.  gauge,  two  in  parallel,  4  lbs. ;  total  active  material, 
116f  lbs.  with  an  output  of  13.20  watts  per  lb. ;  case,  59J  lbs.  ;  weight 
complete,  176  lbs. 

METERS. 

Edison  Meter  (Figs.  16  and  17). 

In  the  Edison  system  of  distribution  an  electrolytic  meter  has  been 
employed.  A  disadvantage  connected  with  its  use  is  that  nobody  except 
an  employee  of  the  company  can  find  out  what  the  meter  has 
registered,  and  even  he  has  to  take  every  precaution  in  the 
washing  and  drying  of  the  electrodes,  aud  in  their  accurate  weighing 
in  a  chemical  balance.  This  meter  has  been  very  extensively  used, 
and  has  evidently  given  fair  satisfaction,  but  the  following  statements 
from  some  of  the  superintendents  of  Edison  stations  show  that  satisfac- 
tion is  not  general ; 

"  The  confidence  is  fully  as  great  as  in  gas  meters." 

"  They  [the  customers]  have  as  much  confidence  in  the  Edison 
meter  as  in  the  gas  meter,  and  probably  a  little  more." 

"  The  meter  to  our  customers  is  a  blank,  and  it  becomes  a  question 
•of  confidence  in  the  meter  man." 
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Fig.  18. 
AEON'S  3-WIRE  METER. 


216  Laivson  on  Generation,  &c,  of 

"  Our  meters  here  are  a  great  deal  of  trouble  owing  to  the  number 
we  have  in  use,  but  still  we  could  not  get  along  without  them." 

Sir  D.  Salomons,  in  the  last  edition  of  his  work  on  electric  lighting, 
describes  the  Edison  meter  as  a  thing  of  the  past. 

It  is  but  fair  to  the  Edison  Company  to  say  that  they  do  not  recom- 
mend their  meters  being  used  in  stations  of  less  than  1000  lights  capa 

city. 

Aron  Meter  {Figs.  18  and  19). 

The  Aron  three-wire  meter  (Fig.  17)  is  used  in  all  the  large  Edison 
stat  ions,  and  by  some  other  companies  in  Germany.  It  is  a  most  admi- 
rable and  reliable  instrument,  and  it  is  one  from  which  the  consumer  him- 
self can  learn  what  he  is  using.  The  one  shown  in  Fig.  18  is  applicable 
to  the  two-wire  direct  and  A.  C.  systems.  The  registering  apparatus 
consists  of  two  sets  of  clockwork  which  will  run  forty  days  with  one  wind- 
ing, but  which  it  is  intended  to  wind  up  every  thirty  days,  when  the 
readings  are  taken.  The  pendulum  on  the  left  is  an  ordinary  pendulum 
uninfluenced  by  the  current,  but  that  on  the  right  consists  of  a  coil  of 
very  fine  wire,  which  is  counected  direct  to  both  the  positive  and 
negatives  wires  of  the  system,  while  one  of  the  main  wires,  either  the 
positive  or  negative,  forms  a  solenoid  through  which  the  main  current 
passes,  enveloping  the  fine  wire  pendulum  core. 

Before  any  current  is  passed  through  the  meter,  it  should  be  tested 
in  place  to  see  that  the  pendulums  swing  synchronously.  If  they  do 
not,  the  indications  of  one  pendulum  will  gain  upon  those  of  the  other. 
The  exact  adjustment  to  perfect  synchronism  is  obtained  by  raising  or 
lowering  the  weight  on  the  left  hand  pendulum.  If  found  correct  the 
current  is  passed  through  the  meter,  and  the  right  hand  pendulum's 
movement  being  accelerated  by  the  action  of  the  current,  causes  the 
registering  gear  to  work. 

The  chief  obstacle  in  the  way  of  the  more  general  employment  of  this 
meter  is  its  comparatively  high  first  cost,  but  it  appears  to  be  well  worth 
the  money. 

Shallenberger   Meter   (Fig.    20). 

The  Shallenberger  meter  is  the  one  which  has  been  most  extensively 
used  in  America  for  the  measurement  of  alternating  currents,  having 
been  exclusively  used  in  the  Westinghouse  stations,  and  being  now 
largely  used  in  those  of  other  companies.  About  12,000  are  now 
in  use.  It  is  simply  a  small  alternating  current  motor  with  registering 
gearing,  and  attached  vanes  placed  on  the  shaft  to  retard  the  movement 
to  a  degree   necessary   for    adjustment   and    regulation.     Its    chief 
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Fig.  19. 
ARON'S  A.  C.  METEE. 
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disadvantage  is  that  it  does  not  work  readily  with  a  small  current,  but 
as  this  tells  against  the  company  and  not  against  the  consumer,  the 
latter  will  not  probably  have  any  objection  to  it.  This  meter  will  b 
better  understood  by  examination  of  the  sample  on  the  table. 

Alternating  current  meters  have  also  been  made  by  the  Fort  Wayae 
Electric  Co.  and  the  Thomson-Houston  Electric  Co.  ;  but  the  latter 
is  not  yet  on  the  market,  and  as  the  author  has  no  experience  oi 
either  he  prefers  not  to  describe  them,  but  would  refer  members  to  the 
"  Electrical  World  "  or  "  Electrical  Engineer  "  for  full  particulars. 


. 


STORAGE  BATTERIES. 


Storage  batteries  have  not  been  applied  on  this  continent  to  any  sucb 
extent  as  they  have  been  in   Europe.     Wherever   they  are  emp'oyed 
except  for  propulsion  of  about  a  dozen  street  railway  cars,  perhaps 
fewer,  it  has  been  for  the  purpose  of  securing  light  after  engiues  and 
dynamos  have  been  stopped  at  night,  and  for  railway  car  lighting.     Foi 
the  latter  purpose  they  have  not  hitherto  been  a  success,  and  have  been 
discontinued  on  the  Pennsylvania  Lload,  on  the  Canada  Atlantic  and 
on  the  Grand  Trunk  Railways,  the  Julien  battery  having  been  used  in 
these  cases.     On  the  Intercolonial  Railway  a  great  number  of  cars  have 
been  fitted    up  with   these    batteries,    and    it  is    said    several    addi 
tional  charging  stations  are  to  be  erected,  it  having  been  found  that  t 
two  at  present  in  operation,  one  at  Levis  and  the  other  at  Monc 
together  with  such  current   as  may  be  obtained  at  Halifax,  N.S.,  and i  j 
Montreal,  have  been  insufficient,  or  otherwise  expressed,  the  capacity  of  j 
the  batteries    supplied  has  not  been  enough  to  last   during  the  runs! 
between  the  various  stations.     The  fact  that  the  coal  oil  lamps,  which,] 
were  wisely  left  in  position,  are  used  on  nearly  every  trip,  proves  the  > 
inadequacy  of  the  batteries  which  have  been  supplied  for  this  work. 

Outside  of  these  plants  storage  batteries  have  been  used  in  five  or  six 
places  in  Canada,  among  which  may  be  mentioned  McGill  College,  the 
lights  there  being  run  from  a  Gibson  battery  in  the  basement.  The  bat- 
tery is  charged  from  a  small  shunt  wound  dynamo  driven  by  an  Otto 
Gas  engine  made  by  Crossley  Bros,  of  Manchester. 

A  PRIVATE  INSTALLATION. 

The  same  kind  of  plant  and  the  same  kind  of  battery  are  used  in 
the  residence  of  Mr.  F.  R.  Redpath,  the  arrangement  of  which  is  shown 
in  Figs.  21-2-i.  The  plant  is  in  the  basement  of  the  house. 
The  gas  engine  is  an    Otto    made    by    Messrs.    Schleicher,  Schumm 
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Fig.  20. 
WESTINGHOUSE  A.  C.  METER. 
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t  Co.,  of  Philadelphia,  and    is   the  steadiest  running  gas  engine  in 

^anada.     Its  weight,  with  two  54-inch  fly  wheels,  is  about  3200  lbs. 

[t  indicates  3.9  H.  P.,  with  a  gas  consumption  of  26  cubic  feet  per 

H.  P.  per  hour.     Over  the  cylinder  is  a  cast-iron  saddle,  on  which  the 

lynamo,  a  shunt  wound  machine  made  by  Holmes  &  Co.,  of  Newcastle- 

on-Tyne,    England,  is    placed,  there   being  just   one  quarter   of  an 

|inch  clearance  between  the  rims  of  the  fly  wheels  and  the  ends  of  the 

dynamo    bed.     Behind  the  dynamo    and  attached  to   the  bed  of  the 

BDgine  are  two  wrought-iron  adjustable  arms  carrying  the  countershaf 

and  idler  pulley.     The  dynamo  pulley  is  therefore  between  the  idler  and 

the  fly  wheel  of  the  engine,  is  double  crowned  and  is  lapped   over  nearly 

the  whole  circumference  by  two  belts  as  shown.     The  slip  is  less  than 

2  per  cent.     The  speed   of  the  engine   is  180  revolutions  per  minute. 

The  dynamo  weighs  430  lbs.,  and  the  idler  pulley  and   countershaft 

1 100,  so  that  the  total  weight  of  engine,  c^'namo  and  driving  gear  is 

13800  lbs.     A  box  7'  4"    x  2' 8"    x    5'   2"  would  cover  engine,  dy- 

j  namo,  belting,  idler  pulley  and  countershaft,  and  the  whole  might  be 

I  thus  shipped  to  any  distance  completely  set  up   ready  for  connection 

i  of  gas  and  exhaust  pipes.     The  arrangement  of  the  plant  was  designed 

by  Mr.  Redpath,  and  is  most  compact  and  ingenious. 

There  are  42  cells  of  Gibson  battery,  capacity  150  ampere  hours,  and 
they  are  connected  in  two  sets  of  21  each  in  parallel,  the  changing 
current  being  33  amperes  at  from  45  to  55  volts  pressure.  These 
cells  are  ranged  on  shelves  in  the  engine  room.  The  plates 
in  this  battery  are  placed  horizontally  instead  of  vertically  as  in 
other  batteries,  and  have  thus  the  advantage  of  being  less  liable  to 
short  circuiting  through  paste  falling  between  them  as  it  does  in  verti- 
cally arranged  plates.  A  slight  disadvantage  is  that  the  internal  resist- 
ance is  higher  than  some  other  forms  of  battery  owing  to  the  plates  being 
further  apart ;  but  this  is  compensated  for  by  the  longer  life  of  the  Gib- 
son, the  makers  guaranteeing  to  keep  it  in  order  for  ten  per  cent,  per 
annum  of  the  first  cost.  The  electrolyte  used  is  dilute  sulphuric  acid 
with  the  addition  of  sulphate  of  soda,  the  density  of  the  combined  solu- 
tion being  1.220.  This  battery  will  stand  heavier  charging  than  any 
other,  and  has  frequently  been  charged  with  a  current  of  75  amperes  ; 
but  the  most  economical  practical  charging  rate  is  about  30  amperes. 
In  charging  the  current  is  measured  by  Weston  ammeter  and  the  pres- 
sure by  a  Weston  voltmeter.  There  is  also  another  Weston  voltmeter 
in  the  library  upstairs,  and  underneath  it  a  resistance  switch  of 
German  silver  in  series  with  the  battery,  by  which  the  pressure  in  dis- 
charging is  regulated,  as  the  battery,  whpn  first  connected  to  the  lamps 
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after  charging,  is  higher  in  E.  M.  F.  than  when  nearly  discharged,  the 
lamps  used  being  of  course  of  such  voltage  that  they  will  give  their 
full  light  at  the  lowest  pressure  to  which  the  battery  in  practice  is 
reduced.  The  maintenance  of  perfectly  uniform  light  is  thus  under 
control  from  Mr.  Redpath's  arm  chair. 

This  is  the  first  and  only  complete  private  installation  for  residen- 
tial lighting  in  Canada,  and  was  first  started  five  years  ago,  shortly 
after  the  visit  of  the  British  Association  to  this  country. 

VALLEYFIELD  AND  BARRIE  CENTRAL  STATIONS. 

Let  us  describe  briefly  and  compare  these  central  stations,  both 
constructed  by  the  writer,  and  good  samples  of  their  respective 
classes.  Both  have  water  power,  but  the  first  is  on  the  Edison 
three-wire  system  and  the  second  is  a  Brush  A.  C.  plant.  In  Val- 
leyfield  the  power  is  in  the  heart  of  the  town  and  in  the  centre  of  dis- 
tribution, so  that  it  is  in  the  most  favourable  position  for  economical 
distribution  by  low  tension,  and  the  wire  used  is  as  small  in  area  as 
consistent  with  even  voltage  at  the  lamps  and  greatest  efficiency  of  the 
plant.  Both  stations  were  built  with  rooms  for  the  man  in  charge 
over  the  dynamo  room.  The  running  expenses  are  the  same  or  about 
the  same  in  both  places.  Probably  no  other  stations  of  similar  capacity 
in  the  world  cost  less  to  run,  the  total  annual  expense  in  each  being 
less  than  $1600.  The  capacity  of  both  stations  is  about  the  same,  say 
60,000  watts.  The  Valleyfield  station  complete  cost  $40,000,  including 
building,  water-wheels  and  flume.  The  Barrie  station,  with  the 
same  items,  cost  less  than  $22,000,  including  over  $3000  for  the  wire 
leading  into  town  from  the  station,  five  miles  distant.  In  the  Barrie 
plant  heavily  insulated  wire  is  used  throughout  the  24  miles  of 
street  wiring,  and  rubber-covered  wire  in  all  buildings,  whereas  bare 
wire  is  used  at  Yalleyfield  for  street  wiring,  and  fire  and  weather- 
proof wire  for  inside  work.  House  wiring  in  Yalleyfield  is  all  cleat 
work :  most  of  that  at  Barrie  is  concealed,  the  lights  in  the  latter 
place  being  principally  in  private  houses  and  placed  on  brass  fixtures, 
whilst  at  Valleyfield  drop  cords  are  used  exclusively.  The  pressure  in 
the  houses  in  Valleyfield  is  generally  220  volts,  the  three  wires  being 
carried  in  in  all  cases  where  this  system  is  used,  in  order  to  maintain 
as  even  a  load  as  possible  on  both  sides  of  the  circuit.  In  Barrie  the 
pressure  is  93  volts  on  the  lamps  in  the  houses,  and  nothing  higher 
than  93  volts  can  ever  enter  them.  The  charge  for  current  averages 
at  Valleyfield  $9  per  light  a  year,  and  at  Barrie  $7.50.  This  means 
that,  making   due  allowance   for  all   contingencies  in  both  cases,  the 
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Barrie  plant  will  pay  its  shareholders  better  than  the  Valleyfield 
plant  will,  while  the  customers  pay  $1.50  per  light  a  year  less.  In  the 
Barrie  station  Westinghouse  meters  are  used  on  the  premises  of  the 
largest  consumers,  and  these  can  be  read  by  the  consumer  as  well  as  the 
meter  man,  the  cost  of  operating  the  station  is  not  increased,  the  man 
who  attends  to  the  wiring  of  the  buildings  in  town  and  to  collection  of 
accounts  taking  the  readings ;  while  if  the  Edison  meter  be  used  at 
Valleyfield,  another  man  will  require  to  be  employed  to  attend  to  the 
niotL-rs  solely,  and  his  wages  will  have  to  be  added  to  the  operating 
expense  and  thus  reduce  the  net  revenue. 

The  respective  sizes  of  wire  used  in  both  stations  is  worthy  of  study. 
At  Barrie  the  loss  in  the  feeder  is  14^  per  cent,  at  full  load,  nearly  the 
same  as  at  Valleyfield.  The  length  of  feeder  at  Barrie  is  10  miles  for 
the  complete  circuit,  and  the  size  of  wire  No.  4  B.  W.  Gr.  At  Valleyfield 
the  feeders  are  three  in  number  and  three  in  a  set;  the  longest  is  less 
than  two  miles  for  the  complete  circuit,  and  the  size  of  the  outside 
wires  No.  000  B.  W.  Gr.  The  No.  4  wire  used  at  Barrie  weighs  985 
lbs.  per  mile,  including  insulation,  and  the  No.  000  bare  wire  at  Valley- 
field weighs  2886  lbs.  per  mile. 

It  may  be  and  has  been  said  that  in  the  one  case  there  is  a  per- 
fectly safe  low  tension  system,  while  in  the  other,  to  use  the  pet 
phrase  of  the  paid  advocate  of  low  tension,  the  New  York  State 
Electric  Executioner  there  is  the  "  Deadly  Alternating  Current." 
That  is  admirable  as  a  trade  trick,  but  even  the  Edison  Company  now 
advertise  that  they  are  prepared  to  supply  A.  C. plant  to  all  who  desire 
it.  Either  there  is  less  danger  in  the  A.  C.  system  than  they  would 
have  the  public  believe,  or  they  are  ready  to  subordinate  principle  to 
pocket  in  the  contest.  To  alter  slightly  a  phrase  from  Dickens'  "Holi- 
day Romauce,"  the  Edison  people  have  been  advising  the  public  to 
"Prohibit  the  use  of  the  alternating  current  system  on  the  ground  of 
humanity  as  it  makes  ours  too  expensive."  In  an  article  on  the 
subject,  Sir  William  Thomson,  the  greatest  living  authority  on 
electrical  matters,  says  : 

"  In  passing  I  may  remark  that  100  volts  in  the  house  is  perfectly 
"  safe  to  the  user,  vihether  the  current  be  alternating  or  continuous,  as 
"  is  proved  by  large  and  varied  experience  in  England." 

It  must  be  freely  admitted  that  the  accidents  reported  from  New 
York  were  real  and  not  invented  for  sensational  purposes,  but  it  must 
also  be  acknowledged  that  in  no  other  city  in  the  world  is  there  such 
an  organization  as  the  Board  of  Electrical  Control,  to  which  appoint- 
ments are  made  by  political  influence  only,  regardless  of  qualification, 
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and  one  of  whose  advisers  is,  or  was,  an  individual  whose  busiuess  it 
was  for  the  past  two  years  to  discredit  the  alternating  system,  for 
which  service  he  was  well  paid.  In  no  other  city  in  the  States  or  Can- 
ada is  there  such  bad  construction  of  overhead  conductors  as  there 
was  in  New  York.  The  under-ground  construction  there  is  nearly  as 
dangerous  on  account  of  existing  grounds  on  the  wires  and  leakage  of 
current  and  the  consequent  liability  to  cause  explosions  of  gas  in 
subways,  as  has  already  been  repeatedly  done,  besides  turning  the 
paving  stones  into  "  a  molten  mass." 

Furthermore,  the  insulation  of  the  overhead  wires,  which  have  been 
in  use  in  some  cases  over  eight  years,  had  rotted  off,  being  of  the 
quality  known  as  a  Underwriters,"   or  "  Undertakers"  if  you  will. 

Four  deaths  have  occurred  in  the  whole  history  of  electric  lighting 
in  Canada  from  shocks  of  electricity,  and  two  of  these  were  the 
result  of  bad  insulation  of  wires  and  faulty  construction  by  a  purchas- 
ing company  doing  its  own  work,  without  employing  anybody  having 
any  knowledge  of  the  business,  in  order  to  cheapen  the  first  cost  of  the 
plant,  and  which  purchased  a  job  lot  of  poorly  insulated  wire,  and  ran 
two  dynamos  in  series  with  100  arc  lamps  in  circuit  at  a  tension  of 
nearly  5000  volts.  The  current  used  on  that  system  was  a  continuous 
one,  not  a  pulsating  high  tension  current  as  stated  in  a  circular  which 
some  of  you  may  have  received. 

Reverting  to  the  main  subject :  Thirty  wires  radiate  from  the  Val- 
leyfield  station  ;  one  pair  carry  the  current  from  the  Barrie  station. 
In  the  Barrie  station  the  pressure  of  primary  current  is  the  highest 
which  has  yet  been  used  in  this  country,  being  about  2100  volts  average 
on  the  feeder.  This  pressure  is  raised  or  lowered  by  increasing  or  de- 
creasing the  exciting  current  according  to  the  load  shown  on  the  central 
station  ammeter,  which  is  graduated  to  single  amperes,  and  is  indicated 
by  a  Cardew  voltmeter,  which,  as  elsewhere  mentioned,  is  attached 
through  a  converter  to  the  armature.  Instead  of  having  a  compensator- 
as  is  used  in  the  Westinghouse  system,  a  table  of  loads  and  the  corres- 
ponding pressures  to  be  carried  at  the  station  is  used.  This  method, 
though  of  course  not  absolutely  perfect,  owing  to  the  rise  of  current  with 
increase  of  voltage  and  vice  versa,  answers  very  well.  The  Cardew 
voltmeter  in  the  company's  office  in  town,  which  is  an  excellent  check 
upon  the  dynamo  attendants'  work,  shows  an  average  variation  of  two 
volts  only  in  a  night's  run.  The  mains  in  town,  which  aggregate 
nearly  14  miles  in  length,  are  calculated  for  a  loss  of  only  2  per  cent, 
at  full  load,  which  gives  a  difference  of  f  of  a  volt  per  lamp  up  or 
down  from  the  standard.     The  house  wires,  which  are  insulated  with 
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rubber  and  tape  are  calculated  for  one  per  cent,  loss  only  at  full  load 
As  most  of  the  lights  are  taken  in  private  residences,  where  the  whole 
number  are  bardly  if  ever  in  use  at  one  time,  the  loss  of  light  through 
resistance  of  the  house  wiring  is  practically  nil. 

MEASURING    INSTRUMENTS. 

The  Ayrton  and  Perry  instruments  have  been  used  to  a  very  con- 
siderable extent  in  this  country,  and  until  recently  were  the  most 
accurate  of  all  really  portable  electrical  measuring  instruments.  There 
is  a'sample  on  the  table  before  you.  They  are  only  suited  for  direct, 
currents,  and  are  open  to  the  objection  that  they  have  considerable 
friction  and  a  high  temperature  error  if  kept  in  circuit,  which  they 
should  never  be  except  only  for  a  few  seconds  when  taking  readings. 

The  Weston  voltmeter  is  shown  in  Figs.  25  and  26.  These  voltmeters 
have  the  great  advantage  of  extreme  accuracy  and  very  high  resistance, 
averaging  about  20,000  ohms,  so  that  the  quantity  of  current  passing 
is  extremely  small.  They  may  be  kept  continuously  in  circuit  without 
any  material  variation  in  their  readings.  They  require  careful  hand- 
ling, ;of  course,  as  do  all  electrical  instruments,  but  they  are  the  most 
accurate  and  reliable  of  all  portable  testing  instruments  for  continuous 
currents.  The  voltmeters  contain  a  calibrating  coil  by  which  their  con- 
stancy can  be  at  all  times  tested.  The  wiiter  has  used  quite  a  number  of 
these  instruments  which  he  has  checked  with  each  other,  and  has  some- 
times compared  the  higher  and  lower  scale  by  taking  the  P.  D.  differ- 
ence between  terminals  of  single  cells  of  secondary  batteries,  and  then, 
putting  the  whole  of  the  cells  in  series,  compared  the  reading  of  total 
E.  M.  F.  of  the  battery.  Several  tests  of  this  nature  have  come  out 
within  one  quarter  of  a  volt.  The  calibrations  are  in  single  volts  on  the 
higher  scale,  and  thirtieths,  twentieths  or  tenths  of  volts  on  the  lower 
scale.  The  ammeters  read  to  tenths  of  amperes  in  the  small  sizes. 
In  both  the  divisions  of  the  scale  are  so  wide  that  one  quarter  of 
these  values  can  be  read  with  perfect  ease. 

For  the  most  perfect  readings  by  these  instruments  they  should 
be  set  quite  level,  and  five  feet  away  from  any  other  instrument, 
or  from  any  mass  of  iron  or  steel,  and  so  placed  that  the  index  will 
point  due  west  when  at  the  centre  of  the  scale,  but  these  pre- 
cautions are  not  necessary  for  ordinary  testing  of  pressure  in  build 
ings,  as  the  error  can  seldom  be  more  than  \  volt,  if  otherwise  placed. 

The  Cardew  volt  meter  (Fig.  27)  is  used  for  both  direct  and  alter- 
nating currents,  and  is  made  to  be  used  either  vertically  or  horizontally. 
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Fig.  26. 
COIL  AND  MAGNETS  OF  WESTON  VOLT- 
METER,   (Cover  removed.) 


Fig.   27. 
CARDEW  VOLT-METER. 
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The  horizontal  pattern  has  the  advantage  of  being  steadier  than  the 
vertical  instrument  owing  to  the  disturbance  caused  by  currents  of  air 
passing  up  the  tube  of  the  latter.  All  the  more  recent  forms  of  this 
instrument  have  an  adjusting  screw  outside  of  the  case  to  bring  the 
needle  to  zero,  which  should  be  done  before  the  current  is  turned  on. 
No  adjustment  should  be  made  while  the  wire  remains  warm,  as 
the  section  of  the  wire  may  be  altered  by  any  tension  put  upon  it 
while  in  this  condition  and  the  calibration  destroyed. 

For  alternating  and  direct  currents  Sir  Win.  Thomson's  latest  in 
struments  are  the  finest  yet  produced,  but  are  more  suited  for  standard 
or  station  use  than  as  testing  instruments.  In  the  electrostatic- 
instruments  no  current  passes  through  the  instrument  at  all,  and  so  the 
conditions  of  a  battery  or  dynamo  on  open  circuit  can  be  found  with 
perfect  accuracy.  The  electrical  balances  (Fig.  28)  are  adapted  for 
both  alternating  and  direct  currents.  To  anybody  desiring  a  fine 
standard  laboratory  or  station  set  of  large  range,  none  are  better  than 
these  instruments,  expensive  though  they  be.  All  stations  for  alternat- 
ing current  work  should  have  a  Cardew  or  Thomson  voltmeter,  a  porta- 
ble Thomson  multicellular  electrostatic  voltmeter  for  testing  pressure  in 
consumer's  premises,  etc.,  and  a  Thomson  ampere  gauge.  For  direct  cur- 
rent stations  Weston  or  Cardew  voltmeters  for  station  work  and  line 
testing  should  be  used,  and  Thomson  ampere  gauges  for  current  mea- 
surement. The  Westinghouse  ammeter,  an  excellent  instrument  closely 
resembling  the  Thomson  ampere  gauge,  is  shown  in  Fig.  29,  and  the 
Edison  ammeter  in  Fig.  30.  For  rough  approximations  the  latter  is  a 
cheap  and  fairly  accurate  instrument. 

TRANSMISSION  OF  POWER. 

In  his  Address  at  the  Annual  Meeting,  the  President  touched  upon 
the  subject  of  electrical  transmission  of  power,  mentioning  the  installa- 
tion at  the  Chollar  Mine,  Virginia  City,  Nevada.  There  a  Brush 
plant  is  used,  as  then  stated,  placed  1680  feet  below  the  surface  of  the 
ground,  in  a  chamber  50'  long  by  25l  wide  by  12'  high,  hewn  out  of 
solid  porphyry.  The  small  stream  of  water,  which  drove  the  wheels 
at  the  surface  of  the  mine, — was  carried  down  through  two  iron 
pipes  one  10"  and  the  other  8"  diameter,  connected  together  at  the 
bottom  of  the  shaft  by  a  Y  into  a  single  pipe  14"  diameter  from  which 
6"  pipes  lead  to  the  Pelton  water  wheels'  nozzles,  there  developing 
sufficient  energy  through  the  generators  to  transmit  to  the  surface  by 
well  insulated  cables  450  H.  P.  The  waste  water  is  conveyed 
away    through   the   Sutro    T.unnel,    which   pierces    the  side    of  the 
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mountain  for  the  drainage  of  the  mines — in  itself  a  monument  of 
engineering  ability  and  Western  enterprise.  This  is  at  present  the 
largest  installation  in  the  world  for  transmission  of  power  by  stationary 
electric  generators  and  motors. 

About  August  last  a  generator  and  a  motor  of  exactly  the  same  type 
as  those  placed  in  the  Chollar  Mine  were  installed  at  Messrs.  Barber  & 
Co.'s  Mills,  Georgetown,  Out.  The  water  of  the  Credit  river  was 
dammed  over  two  miles  below  the  mill,  and  a  water  wheel  and  shaft  were 
placed  in  a  building  there  along  with  the  generator.  A  copper  wire- 
was  carried  back  and  attached  to  the  motor,  which  develops  75 
H.  P.  in  the  mill. 

ELECTRIC     RAILWAYS. 

Four  years  ago  there  may  be  said  to  have  been  no  electric  railways 
in  operation  in  America.  Yet  according  to  the  most  reliable  sources  of 
information  there  were  636|  miles  of  electrically  equipped  railways  in 
operation  and  700  miles  under  construction  at  the  end  of  December, 
1889  :  1063  electric  cars  were  then  running  and  771  cars  were  being 
equipped.  The  total  number  of  completed  roads  was  107,  and  85  were 
under  construction.  Of  these  roads  two  were  running  in  Canada,  their 
total  length  being  10  miles,  and  these  were  equipped  with  10  motor 
cars.  The  first,  at  Windsor,  Ont.,  with  two  miles  of  road  and  two 
cars,  has  now  been  at  least  four  years  in  operation  ;  the  other  is  at 
St.  Catharines,  and  the  length  of  road  is  8  miles,  and  it  is  equipped 
with  8  cars.  Both  roads  use  the  Yandepoele  system.  The  road  at 
Victoria,  B.C.,  is  now  running.  The  track  is  4  miles  long,  with 
6  motor  cars.  The  Vancouver  road,  which  is  likewise  4  miles  in 
length,  and  is  to  be  equipped  with  4  motor  cars,  will  be  running 
about  the  beginning  of  June.  The  Thomson-Houston  system  is 
used  in  both  cities,  and  a  contract  for  a  short  line  in  Toronto,  on 
which  two  motor  cars  will  be  used,  has  lately  been  closed  with  the 
Thomson-Houston  Company,  which  has  done  by  far  the  largest 
amount  of  work  in  Electric  railways,  the  Sprague  Co.  ranking  next. 
The  following  table  shows  the  amount  of  work  done  by  various- 
companies  and  that  under  construction  in  January  last. 
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ELECTRIC  RAILWAYS. 

In  operation  and  under  construction,  Jan.,   1890. 
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Name  of  System. 


1  Thomson-Houston 

2  Sprague 

3  Daft 

4  Van  de  Poele 

5  Short 

6  Bentley-Knight — 

7  National  Electric    Trac 

tion  Co. 

8  Julien 

9  Fisher.., 

10  Henry 

11  Rae 


Id  operation. 


No.  of 
Roads. 


47 
35 
10 

8 
3 
1 

1 

1 
1 

1 


No.  of 
Cars. 


490 

408 

66 

57 

17 

6 

1 

10 
4 
4 


Under  construction. 


No.  of 
Roads" 


37 

33 

5 

1 
1 
5 


No.  of 
Cars. 


509 

218 

15 

5 

20 
not   sriven 


not   given 
4 


Within  the  past  few  months  great  activity  has  existed  in  electric 
railways  in  the  United  States,  and  the  two  leading  companies  in  this 
business  have  contracted  for  several  hundreds  of  cars  each  ;  the  lead  of 
the  Thomson-Houston  Company  having  increased,  while  the  Sprague 
Compauy  has  over  1200  motors  cars  in  operation  or  in  course  of  con- 
struction. 

The  largest  electric  street  railway  system  in  the  world  is  that  of  the 
West  End  Railway  of  Boston,  contracted  for  by  the  Thomson-Houston 
Company,  of  which  the  following  particulars  may  be  of  interest :  At 
the  present  time  there  are  150  cars  running,  and  when  completed 
there  will  be  600  in  operation.  Now  there  are  56  miles  of  road  electric- 
ally operated,  and  236  are  to  be  equipped.  In  the  power  station  from 
3.30  till  7  p.m.  the  electrical  plant,  which  is  capable  of  developing  if 
called  upon,  2500  H.  P.,  usually  furnishes  from  1000  to  1500  H.  P. 
The  cars  generally  in  use  are  16  ft.  closed  cars,  each  carrying  30  pas- 
sengers, and  towing  a  similarly  loaded  car.  Such  a  car,  equipped  with  a 
single  15  H.  P.  motor,  averages  in  speed  15  miles  an  hour  on  the  level, 
and  will  pass  a  grade  of  5|  per  cent,  at  a  rate  of  nine  miles  an  hour. 
Such  work  is,  however,  rather  severe  for  constant  use,  and  for  heavy 
work  they  are  using  two  15  H.  P.  motors.  The  potential  used  is  500 
volts,  and  the  average  rate  of  speed  is  from  10  to  15  miles  an  hour. 
The  weight  of  a  motor  car  equipped  is  6  tons.  The  cost  of  steam 
power  is  from  one  to  four  cents  per  car  mile,  taking  100  miles  per  car 
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per  day  as  a  basis  ;  the  cost  of  operation  and  maintenance,  four  to  six 
cents  per  car  mile  on  the  same  basis ;  the  cost  of  repairs  to  electrical 
apparatus  is  from  one  and  a  half  to  two  cents  per  car  mile  ;  cost  of 
management  from  one  to  two  cents  per  car  mile,  and  the  average  total 
cost  of  operation  is  nine  and  a  half  to  sixteen  cents  per  car  mile, 
according  to  the  number  of  miles  operated. 

Unfortunately  the  severe  winters  and  heavy  snow-falls  of  Montrea 
and  other  cities  in  Eastern  Canada  preclude  the  possibility  of  working 
electric  railways  the  whole  year  on  our  present  street  roads,  but  it  is  a 
question  worthy  of  the  study  of  members  of  this  Society,  whether  it 
would  pay  to  operate  our  roads  electrically  during  the  seven  months 
of  open  weather  which  we  get,  or  if  a  system  of  overhead  railways  along 
our  main  traffic  thoroughfares  operated  electrically,  and  which  could  be 
run  the  whole  year  round,  would  not  be  a  good  investment. 

STREET   WIRING   FOR   ELECTRIC    LIGHTING. 

First,  on  account  of  the  dangers  of  break  down  from  heavy  sleet 
storms,  and  the  variation  in  tension  of  wire  caused  by  the  extremes  of 
temperature  experienced  in  Canada,  poles  should  be  placed  not  more 
than  135  feet  apart,  or  say  40  to  the  mile.  They  should  all  be  good, 
sound,  straight  cedar,  7  inches  diameter  at  the  top,  and  not  less  than 
35  feet  long,  and  should  be  set  in  the  ground  to  a  minimum  depth  of 
6  feet  and  securely  tamped.  The  cross  arms  should  be  of  sound  timber 
4^"  x  3^",  well  painted,  and  fixed  in  gains  cut  in  the  poles  and 
secured  thereto  by  lag  screws  8"  long,  which  would  thus  enter  into  the 
pole  about  \\  inches.  They  should  never  be  attached  by  spikes  only. 
Wherever  telephone  or  telegraph  wires  run  in  the  same  streets,  the  poles 
should  be  of  sufficient  height  to  carry  the  electric  light  wires  at  least 
four  feet  above  them.  Bare  wire  for  carrying  either  high  or  low 
tension  currents  in  towns  should  be  strictly  prohibited.  The  insulation 
of  the  wire  should  be  both  fire-proof  and  weather-proof,  and  of  such 
tough  texture  as  to  withstand  abrasion  should  other  wires  by  any 
means  fall  across  the  electric  light  wires.  None  but  the  best  double 
petticoat  glass  insulators  should  be  used. 

For  outside  construction  some  of  the  English  Board  of  Trade 
Regulations,  which  might  be  adopted  with  advantage  in  this  country, 
are  as  follows,  the  numbers  given  being  those  of  the  Regulations  : 

1 .  An  aerial  conductor  in  any  street  shall  not  in  any  part  thereof  be 
at  a  less  height  from  the  ground  than  20  feet,  or  when  it  crosses  a 
street,  30  feet,  or  within  six  feet  of  any  building  for  the  purposes  of 
supply. 
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2.  Every  support  of  aerial  conductors  shall  be  of  durable  material 
and  properly  stayed  against  forces  due  to  wind  pressure,  change  of 
direction  of  the  conductors  or  unequal  lengths  of  span,  and  the  con- 
ductors and  suspending  wires  (if  any)  must  be  securely  attached  to 
insulators  fixed  to  the  supports.  The  factor  of  safety  shall  be  at  least 
6,  and  for  all  other  parts  of  the  structure  at  least  12,  taking  the  maxi- 
mum possible  wind  pressure  at  50  lbs.  per  square  foot. 

5.  Every  aerial  conductor  shall  be  protected  by  eflicient  lighting 
protectors. 

6.  Where  any  conductor  crosses  a  street,  the  angle  between  such 
conductor  and  the  direction  of  the  street  at  the  place  of  such  crossing 
shall  not  be  less  than  60  degrees,  and  the  spans  shall  be  as  short  as 
possible. 

7.  Where  any  aerial  conductor  is  erected  so  as  to  cross  any  other 
aerial  conductor,  or  any  suspended  wire  used,  for  purposes  other  than 
the  supply  of  energy,  precautions  shall  be  taken  by  the  owners  of  such 
crossing  conductors  against  the  possibility  of  that  conductor  coming 
into  contact  with  the  other  conductors  or  wire,  or  of  such  other  con- 
ductor or  wire  coming  into  contact  with  such  crossing  conductor  by 
breakage  or  otherwise. 

11.  The  insulation  resistance  of  any  circuit  using  high  pressure  aerial 
conductors,  including  all  devices  for  producing,  consuming  or  measur- 
ing energy  connected  to  such  circuit,  shall  be  such  that  should  any  part 
of  the  circuit  be  put  to  earth  the  leakage  current  shall  not  exceed 
Jj  of  an  ampere  in  the  case  of  alternating  currents.  Every  such 
circuit  containing  high  pressure  conductors  shall  be  fitted  with  an 
indicating  device  which  shall  continuously  indicate  if  the  insulation 
resistance  of  either  conductor  fall  below  the  conditions  required  by  this 
regulation. 

"  14.  The  owner  of  every  aerial  conductor  shall  be  responsible  for  the 
efficiency  of  every  support  to  which  such  conductor  is  attached. 

"  15.  Every  aerial  conductor,  including  its  supports,  and  all  the  struc- 
tural parts  and  electrical  appliances  and  devices  belonging  to  or 
connected  with  such  conductors,  shall  be  duly  and  efficiently  supervised 
and  maintained  by  and  on  behalf  of  the  owners  as  regards  both  electri- 
cal and  mechanical  condition. 

"  16.  An  aerial  conductor  shall  not  be  permitted  to  remain  erected 
after  it  has  ceased  to  be  used  for  the  supply  of  energy  unless  the 
owners  of  such  conductor  intend,  within  a  reasonable  time,  again  to 
take  it  into  use. 
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"  17.  Every  aerial  conductor  shall  be  placed  and  used  with  due  regard 
to  electric  lines  and  works  from  time  to  time  used  or  intended  to  be 
used,  for  the  purpose  of  telegraphic  communication,  or  the  currents  in 
such  electric  lines  and  works,  and  every  reasonable  means  shall  be 
employed  in  the  placing  and  use  of  aerial  conductors  to  prevent  injurious 
affection,  whether  by  induction  or  otherwise,  to  any  such  electric  lines 
or  works,  or  the  currents  therein." 

The  author  considers  that  rules  7,  13,  14,  15,  16  and  17  should  be 
equally  binding  upon  telegraph  and  telephone  companies  whose  wires 
are  often  as  carelessly  constructed  as  those  of  any  electric  light  com- 
pany, and  have  in  consequence  been  quite  as  blameworthy  for  fires 
originating  from  electric  currents. 

HOUSE    WIRING. 

In  the  interior  wiring,  none  but  high  class  rubber-insulated  wire  pro- 
tected by  an  outer  linen  tape  or  other  efficient  covering  should  be  used. 

None  but  porcelain  or  slate  base  cutouts  and  switches  should  be 
allowed,  and  the  sweating  of  drop  wires  for  single  lights  on  the  main 
wires  (such  wires  being  afterwards  twisted  together  and  brought  down 
to  the  lamp  socket)  should  be  prohibited. 

Wherever  lights  are  suspended  by  wires,  stranded  conductors,  equal 
in  area  to  No.  20  standard  wire  gauge,  covered  with  a  good  solid  rub- 
ber coating  and  protected  on  the  outside  by  silk  or  cotton  braiding^ 
should  be  used,  and  where  taken  off  from  the  main  wires  a  porcelain 
rosette  cut-out,  such  as  the  K.  W.  rosette,  should  in  all  cases  be  provided, 
or  a  wood  base  rosette  may  be  used,  provided  it  is  rendered  fireproof. 

No  switches  should  be  used  which  do  not  break  contact  quickly  and 
automatically,  or  in  which  spring  copper  makes  a  connection ;  such  cop- 
per is  heated  by  the  passage  of  a  large  current,  and  by  losing  its  hard- 
ness therefrom  often  fails  to  make  good  connection,  and  so  may  cause  an 
arc  to  form.  The  Paiste  switch  is  the  only  one  at  present  made  on 
this  continent  in  which  these  objections  are  successfully  met. 

Fuses  for  cut-outs  should  not  be  interchangeable  with  others  of 
widely  different  capacity.  Over-loading  of  wires  first  designed  for 
lighter  loads  would  then  be  impossible. 

The  joints  in  wires  are  preferably  made  with  connectors  such  as  the 
Maclntyre  wire  joint,  as  soldered  joints  on  which  acid  has  been  used 
frequently  corrode  through  the  excess  of  acid  not  having  been  removed 
on  completion  of  the  soldering,  and  it  has  been  the  author's  experience 
that  ordinarily  wiremen  will  not  take  the  time  or  trouble  to  make  a 
good  joint  with  rosin  as  a  flux. 
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It  must  be  remembered  tbat  a  low  tension  continuous  current  is  more 
liable  to  cause  a  fire  in  case  of  sbort  circuit  between  the  main  wires 
than  an  alternating  current,  owing  to  tbe  connection  which  exists  directly 
between  the  dynamo  and  the  house  wires,  permitting  the  entrance  into 
the  house  of  an  enormous  current,  while  with  the  alternating  current 
system  the  short  circuiting  of  the  secondary  house  wires  will  only  result 
in  the  immediate  melting  of  the  fine  wire  fuse  in  the  primary  circuit  of 
the  converter.  There  should  be  no  relaxation,  therefore,  of  adopted 
regulations  in  favour  of  low  tension  direct  systems  on  account  of  supposed 
greater  safety,  a  thing  which  does  not  exist  in  their  case,  but  both  direct 
and  alternating  current  systems  should  be  treated  alike  so  far  as  the 
wiring  of  consumers'  premises  is  concerned,  and  the  present  standard 
should  be  raised,  not  lowered. 

It  should  not  be  forgotten,  that  one  of  the  most  important  elements  in 
the  attainment  of  perfect  safety  to  everybody  concerned  is  the  employ- 
ment by  supply  companies  of  properly  qualified  and  experienced  labour 
both  for  the  construction  and  for  the  running  of  plants.  It  will  be  found 
to  be  very  poor  economy  to  employ  bell-hangers,  plumbers  and  even 
shoemakers  on  work  requiring  considerable  electrical  and  mechan- 
ical knowledge  and  clear  judgment,  as  is  done  at  the  present  time  in 
some  Canadian  stations  which  might  be  mentioned,  merely  for  the  sake 
of  saving  two  or  three  hundred  dollars  a  year  in  wages,  a  sum  which  is 
much  more  than  counterbalanced  by  the  unsatisfactory  results  in  the 
lighting  and  the  additional  cost  of  repairs.  Nor  should  it  be  forgotten 
that  a  cheap  and  poorly  constructed  electric  lighting  plant  is  the 
worst  of  all  possible  investments. 

To  reassure  the  timid  whose  nerves  have  been  so  skilfully  played 
upon  by  advocates  of  low  tension  systems,  the  following  opinions 
of  Sir  William  Thomsom,  Dr.  John  Hopkinson,  Mr.  W.  H.  Preece, 
Professor  George  Forbes  and  Monsieur  E.  Fesquet,  handed  in  at  a 
recent  meeting  of  the  New-York  Senate  Committee  on  Electric  Light- 
ing, may  be  cited.  These  gentlemen,  whose  qualifications  to  speak  author- 
itatively on  the  subject  cannot  be  questioned,  are  practically  unani- 
mous in  the  opinion  that  the  distribution  by  alternating  currents  can 
be  and  is  safely  carried  out  by  underground  or  overhead  wires  at  pres- 
sures of  2000  to  2500  volts ;  that  absolute  safety  to  the  person  can  be 
and  is  obtained  in  the  use  of  such  currents  ;  that  there  is  less  danger 
from  fire  from  an  alternating  current  system  using  converters  than 
from  a  continuous  low  tension  current  connected  direct  from  the 
dynamo  to  the  consumers'  premises  (and  the  higher  the  tension  in  the 
primary  the  greater  the  safety  in  this  respect)  ■  that  on  account  of 
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the  small  current  and  the  consequently  smaller  area  of  copper  wire 
required  for  its  distribution,  the  alternating  current  has  many  advan- 
tages over  all  systems  of  low  tension  distribution  ;  and  that  a  properly 
constructed  and  mounted  converter  is  in  itself  an  effective  protector  to 
the  user  of  electric  illumination  against  danger  from  shock  or  fire. 

In  conclusion  the  opinion  may  be  hazarded  that  within  the  next 
ten  years  three-fourths  of  the  incandescent  electric  lighting  on  this 
continent,  following  the  example  now  set  in  Europe,  will  be  carried  out 
on  the  alternating  current  transformer  system  at  increased  rather  than 
lower  pressures  than  at  present  used,  and  that  a  large  proportion  of  our 
mills  and  factories  situated  within  five  or  even  ten  miles  of  water 
powers  will  be  run  by  electric  motors  either  driven  direct  by  high  ten- 
sion continuous  currents  or  by  low  tension  alternating  currents  obtained 
through  converters  attached  to  primary  conductors  carrying  a  high 
tension  and  small  current. 

The  thanks  of  the  author  are  due  to  the  Westinghouse  Electric  Co. 
of  Pittsburg,  the  Brush  Electric  Co.  of  Cleveland,  the  Thomsom-Hous- 
ton  International  Electric  Company  of  Boston,  the  Royal  Electric  Co. 
of  Montreal,  the  Ball  Electric  Light  Co.  of  Toronto,  the  Reliance 
Electric  Light  Co.  of  Waterlbrd,  Mr.  J.  J.  Wright  of  the  Toronto 
Electric  Light  Co.,  Messrs.  J.  W.  Queen  &  Co.  of  Philadelphia,  the 
"Weston  Electrical  Instrument  Co.,  of  Newark,  N.J. ,  and  to  Mr.  A. 
Barthmann  of  New  York,  representing  Mr.  W.  Hackenthal  of  Berlin, 
for  particulars  of  machine  and  instrument  construction  and  loan  of 
woodcuts.  His  thanks  are  also  specially  due  to  Mr.  T.  Commerford 
Martin,  Editor  of  the  "  Electrical  Engineer,"  New  York,  for 
statistics  concerning  the  electrical  industries  of  the  United  States,  and 
to  Mr.  F.  R.  Redpath  of  Montreal  for  the  photographs  of  the 
electric  light  plant  in  his  residence  from  which  the  engravings  thereof 
have  been  produced. 


DISCUSSION. 

Mr.  D.  A.  Starr  said  the  author  had  given  correct  information  as  to  Mr.  Starr, 
the  weight  and  output,  etc.,  of  the  Thomson-Houston  incandescent 
dynamo,  but  had  made  a  mistake  in  stating  that  the  machine  was  not 
absolutely  automatic.  The  author  had  referred  also  to  the  manner  in 
which  the  series  coils  were  wound,  the  winding  being  over  the  arma- 
ture and  not  around  the  fields.  This  was  an  invention  of  Professor 
Elihu  Thomson's,  whose  brother,  Mr.  F.  Thomson,  chief  electrician  of 
the  Royal  Electric  Co.,  being  present,  would,  he  thought,  be  able  to 
explain  exactly  how  the  automatic  arrangement  worked. 

Mr.  Thomson  and  he  had  recently  tested,  for  delicate  regulation,  a 
machine  of  the  kind  under  discussion,  and  the  difference  between  full 
load  and  no  load  in  cutting  off  the  whole  of  the  lights,  on  a  150  light 
machine,  was  nothing  ;  it  could  not  be  seen  on  the  lamp  that  the  current 
had  increased  by  cutting  off  the  whole  of  the  lights. 

A  volt  meter  was  put  in  the  circuit,  and  it  was  found  that  when  the 
lamps,  with  the  exception  of  one,  were  cut  off  the  machine  (150  light) 
the  pressure  dropped  5  volts  outof  the  110  (5  per  cent.).  The  machine 
could  be  made  to  compensate  either  way  by  changing  the  series  coils. 

The  advantage  was  that  in  wiring  for  a  building  that  was  to  be 
wired  for  5  per  cent,  loss  with  the  full  number  of  lamps  burning  on  the 
circuit,  if  a  number  of  lights  were  cut  off  the  actual  loss  was  nothing. 
The  result,  if  there  were  no  drop  in  gauge,  would  be  that  the  lamps 
would  brighten  up  that  5  per  cent. ;  but  instead,  if  there  was  a  drop,  it 
compensated  for  the  loss  in  the  wire,  and  the  lamps  were  kept  at  their 
normal  brightness  all  the  time. 

The  speaker  said  he  mentioned  this  machine  because  he  knew  it  vvell, 
its  perfect  automatic  regulation,  and  also  that  any  loss  could  be  made 
up  and  compensated  for.  He  did  not  think  Mr.  Lawson  had  seen  one 
of  these  machines  running  under  the  same  circumstances,  or  he  would 
be  willing  to  alter  his  opinion  and  classify  the  machine  in  his  paper  as 
being  absolutely  automatic. 

Mr.  F.  Thomson,  referring  to  the  Thomson  incandescent  dynamo,  said  Mr.  Thomson, 
that  the  reason  the  coils  were  placed  on  the  machine  in  that  peculiar 
manner  was  to  make  it  perfectly  automatic  and  to  produce  a  neutral 
point,  so  that  there  would  be  no  shifting  of  the  brushes  necessary  when 
the  load  was  charged. 
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The  machine  could  be  made  to  increase  or  decrease,  or  to  remain 
automatic  without  loss,  according  to  the  position  of  the  series  coil  and 
the  strength  of  the  shunt. 

When  the  machine  was  first  constructed  for  800  lights,  some  little 
shifting  of  the  brushes  was  necessary  on  account  of  the  wire  taking  effect 
on  the  fitlds  in  the  front,  the  wire  being  so  long  ;  but  this  is  now  cor- 
rected. 

According  to  Mr.  Lawson's  remarks  on  the  Brush  machine,  the 
exciting  current  was  22  amperes  and  135  volts,  equal  to  2970  watts  for 
1000  lights.  In  the  Thomson  machine,  manufactured  by  the  Royal 
Electric  Company  of  Montreal,  the  exciting  current  was  30  amperes 
and  90  volts,  which  would  be  2160  watts  for  1200  lights.  In  the 
Westinghouse  machine  for  1500  lights  the  exciting  current  was  14 
amperes  110  volts,  equal  to  1540  watts. 

There  must  be  something  wrong  in  this.  By  referring  to  the  exciting 
current  of  the  Brush  and  Thomson  machines  it  will  be  seen  that  the 
Westinghouse  requires  just  about  half  the  watts  ;  in  the  Westinghouse 
machine  the  current  passes  through  one  coil  on  the  field,  then  misses  a 
coil,  and  again  passes  through  a  third  coil,  misses  a  fourth  ;  and  then 
through  the  fifth,  etc.  In  consequence,  there  are  practically  two 
branches  of  current,  the  second  branch  passing  through  the  second, 
fourth,  sixth,  etc.,  so  that  the  1500  light  machine  has  12  fields,  six  in 
series  and  two  in  multiple,  14  amperes  passing  through  six,  and  14 
amperes  passing  through  the  other  six,  making  in  all  28  amperes  and 
110  volts,  equal  to  3080  watts. 

A  machine  described  in  Dredge  on  Electric  Illumination,  Yol.  I.", 
page  250,  and  invented  by  a  Mr.  Lachaussie  of  Liege,  will  be  found  to 
resemble  the  Brush  alternating  machine  of  to-day  in  almost  every 
point.  With  regard  to  taking  out  a  section  of  the  armature  while  the 
Brush  machine  was  running,  the  same  thing  could  be  done  with  the 
Lachaussie  machine. 

With  reference  to  the  Fort  Wayne  meter,  he  believed  Mr.  Edison 
had  some  very  early  patents  on  motor  meters,  and  that  these  patents 
would  include  the  above  mentioned  meter  because  they  covered  broadly 
all  motor  meters. 

He  was  sorry  the  author  had  not  compared  transformers  of  the  same 
size,  as  it  was  difficult  to  arrive  at  a  conclusion  when  comparing  various 
sizes. 

Referring  to  the  low  tension  dynamo  :  of  course  a  machine  that  was 
perfectly  automatic  should  keep  the  same  voltage  at  any  speed  ;  he  did 
not  claim  that  the  Thomson  machine  would  do  that,  but  it  would  give 
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any  desired  voltage  required  by  changing  the  shunt  and  position  of  the 
series  coils,  so  that  if  a  place  was  shunt  wired  for  a  10  per  cent,  loss, 
it  could  be  made  up  at  the  dynamo,  or  any  other  loss  could  be  made  up 
in  the  same  way.  The  series  coils  could  be  placed  in  a  certain  position 
and  the  machine  would  be  perfectly  automatic,  or  it  could  be  made  to 
drop  its  voltage  when  the  lights  were  switched  off  up  to  25  per  cent. 
The  series  coils  take  direct  action  on  the  armature.  He  would  like  to 
see  the  paper  correct ;  at  present  it  was  not. 

He  admitted  the  diameter  of  armature  was  a  little  too  great  in  rela- 
tion to  length  in  some  of  tbe  early  large  machines. 

In  these  the  armature  should  have  been  longer,  but  this  has  been 
rectified  now.  In  machines  of  100  to  500  lights  the  series  coils  would 
hold  the  neutral  points  in  the  centre.  It  was  possible  by  moving  the 
series  coil  back,  if  the  lights  were  increased  on  the  machine,  to  move 
the  brushes  farther  back,  not  ahead.  The  series  coils  being  placed 
over  the  armature,  they  took  direct  effect  on  the  armature  independent 
of  the  fields. 

Mr.  A.  J.  Lawson,  replying  to  Mr.  Kimball,  said  that  the  Brush  Mr.  Lawson. 
alternating  current  system  at  Barrie  had  been  in  operation  since 
January  last.  There  had  been  no  accidents  there  on  account  of  the 
high  voltage.  The  only  accident  bad  been  the  burning  out  of  an 
armature  coil  one  night  before  the  station  work  was  completed,  on  the 
fuses  being  put  on  the  main  wires,  through  an  arc  wire  light  coming  in 
contact  and  crossing  both  wires  out-going  and  return,  and  this  would 
have  occurred  with  any  low  tension  machine. 

The  Edison  people  had  practically  given  up  the  use  of  equalizers  in 
central  stations,  and  were  instead  interlacing  the  feeders.  Some  sta- 
tions lately  constructed  had  them  in  use,  but  the  present  rule  of  the 
Engineering  Department  was  to  interlace  the  feeders  at  all  points, 
especially  the  neutral  wires.  There  was  a  Westinghouse  arc  l'ght 
plant  in  operation  in  Bostou  in  the  City  and  Suburban  Company's 
station,  and  there  was  another  in  the  United  States  illuminating 
station  in  New  York  running  about  125  lights.  He  had  been  informed 
there  were  about  10  or  12  plants  installed  since  the  one  in  Boston  had 
commenced  running. 

Referring  to  Mr.  Thomson's  remarks  about  the  Thomson  machine, 
he  would  simply  say  that  if  the  absolute  perfection  of  regulation  claimed 
had  really  been  attained,  there  was  a  fortune  in  it  both  to  Mr.  Thomson 
and  his  Company,  for  many  had  been  striving  to  attain  perfect  regu  la- 
tion  hitherto  without  perfect  success. 
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The  over-compounding  of  five  -volts  he  thought  excessive,  as  there 
was  very  little  lighting  done  hy  isolated  plants,  which  was  not  done 
between  4.30  and  6  p.m.  in  winter,  and  5  per  cent,  loss  he  thought  in  that 
case  was  simply  a  waste  of  coal. 

He  did  not  make  any  special  reflection  on  the  Thomson  machine  in 
stating  that  it  was  not  perfectly  automatic,  but  simply  stated  what  he 
believed  to  be  the  case,  viz.,  that  the  machine  was  not  perfectly  automa- 
tic in  regulation. 

The  paper  was  not  confined  to  a  description  of  the  construction  of 
dynamos,  and  he  had  not  therefore  gone  into  details  of  the  reasons  lor 
winding  in  any  particular  way. 

With  regard  to  the  Westiughouse  machine,  the  particulars  given  had 
been  obtained  from  the  superintendent  of  the  Westinghouse  Electric 
Co.,  and  he  had  found  the  figures  given  to  be  correct. 

In  describing  the  Brush  machine  as  a  departure  from  the  ordinary 
types  of  machines  constructed  in  America,  he  had  said  only  what  was 
correct.  To  call  the  Brush  alternating  current  dynamo  an  old  form  of 
machine  was  wide  of  the  mark.  One  might,  with  more  reason,  call 
the  Thomson-Houston  alternating  machine  simply  a  Westinghouse 
alternator,  because  the  construction  was  practically  the  same.  Another 
thing,  there  was  no  iron,  and,  therefore,  entire  absence  of  treating 
effect  due  to  iron  in  the  armature  of  the  Brush  alternating  machines. 

He  had  given  the  Thomson  machine  credit  for  being  better  regulat. 
ing  than  the  Edison,  but  he  could  not  see  that  any  machine  was  yet 
perfect ;  and  as  regards  the  construction  of  the  machine,  there  were 
reasons  occurring  to  him  why  there  should  be  a  waste  of  magnetism  in 
the  machine  with  the  stationary  coils  in  any  position.  Taking  the 
larger  machine,  a  change  of  brushes  was  necessary.  In  some  of  the 
later  English  machines,  without  placing  the  coils  in  such  a  manner  as 
Mr.  Thomson  did,  by  particular  attention  to  the  relative  dimensions  of 
the  armature  and  of  the  field,  the  position  of  the  brushes  did  not  require 
to  be  altered  under  large  changes  in  load. 

In  the  construction  of  the  armature  ofthe  Thomson-Houston  machine 
he  thought  Mr.  Thomson  would  admit  that  the  diameter  of  his  arma- 
ture was  too  great  in  relation  to  its  length,  especially  in  some  of  the 
larger  machines. 

In  such  construction  there  was  a  quantity  of  dead  wire  at  the  ends. 
With  the  same  diameter  and  greater  length  the  output  could  be  in- 
creased while  the  speed  would  be  somewhat  lower. 


Thursday,  22nd  May. 

J.  Kennedy,  Vice-President,  in  tin1  Chair. 

The  foflowing  candidates  having  been  balloted  for  were  declared 
duly  elected  as  : — 

Members, 

Octave  Chanute,  John  Williams. 

Associate  Member. 

Walter  Constantine  Brough, 

Associate. 

Leonce  Francois  LuDOVIC  Stein, 

Students. 

Oscar  Arcand,  Barti.ett  McLennan, 

Thomas  Ross  Deacon,  Thomas  MoLeod, 

James  Atkinson  Douglas,  John  Rankin,  Jdn, 

Andrew  Lane,  Arnold  J.  Ryan. 

The  following  has  been  transferred  from  the  Class  of*  Associate 
Members  to  that  of  Members  : — 

Reuben  Wells  Leonard. 

The  discussion  of  Mr.  A.J.  Lawson's  paper  on  the  "  Generation, 
Distribution  and  Measurement  of  Electricity  for  Light  and  Power, 
tc,"  occupied  the  evening. 
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Paper  No,  44. 

DEVELOPMENTS  IN  TELEGRAPHY  : 

WAY-WIRES    MULTIPLEXED   AND    INTERCHANGEABLE. 

By  D.  H.  Keeley,  A.  M.  Can.  Soc.  C.E. 

The  title  of  this  paper  is  so  comprehensive  that  it  might  be  supposed 
the  writer  purposed  giving  a  resume  of  all  that  has  been  attempted  in 
the  way  of  signalling  since  the  word  ttlegraph  was  first  coined  and 
found  place  in  our  vocabulary.  It  may  be  well  therefore  to  state  at 
the  outset  that  it  is  only  intended  to  deal  with  the  subject  of  telegraphy 
in  its  present  stage,  introducing  just  enough  of  retrospect  to  show  the 
drift,  so  far,  of  successful  research  in  lines  that,  if  followed  up,  will  carry 
us  to  the  realization  of  perfection  in  the  art ;  and  that  is  nothing  short 
of  the  complete  utilization,  with  the  utmost  economy,  of  the  capacity  of 
a  line  wire  for  the  transmission  of  electrical  effects. 

Telegraph  apparatus,  and  systems  of  telegraphy,  have  been  so  rapidly 
multiplied  that  scores  of  volumes  and  text-books  are  extant  devoted 
exclusively  to  their  treatment,  either  specifically  or  generally,  and  the 
student  in  wading  through  them  finds  difficulty  in  reconciling  the  idea 
of  advancement  with  the  circumstance  that,  whereas  indisputable  and 
important  properties  of  conductivity  and  electro-magnetism  were  early 
discovered,  the  inventions  from  time  to  time  introduced,  instead  of  aim- 
ing to  more  and  more  fully  utilize  these  properties,  appear  to  have  been 
designed  to  do  in  different  ways  just  what  had  already  been  accom- 
plished in  the  absence  of  a  clear  recognition  of  the  possibilities  attainable. 

Supposing,  however,  for  the  sake  of  convenience,  that  two  well- 
established  facts — the  celerity  of  conductivity,  and  the  diverse  pro- 
perties of  electro-magnetism — were  ever  held  in  mind  by  the  workers 
in  this  field,  it  will  be  possible  to  discriminate  between  the  different 
systems  that  have  been  brought  forward. 

A 
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There  are  those,  in  that  case,  that  have  been  designed  to  utilize  the 
capacity  of  a  line  wire  for  the  rapid  transmission  of  electrical  effects  ; 
they  may  be  comprehensively  designated  Simple  Circuit  Systems.  And 
there  are  those  that  have  been  designed  to  utilize  the  diverse  properties 
of  electro-magnetism,  in  which  the  use  of  auxiliary  circuits  is  necessary ; 
they  may  be  described  as  Complex  Circuit  Systems. 

With  this  division  in  mind,  it  will  occur  to  those  conversant  with 
the  subject,  that  whatever  progress  has  so  far  been  made  in  the  field  of 
telegraphy  is  referable  to  the  Complex  Circuit  Systems,  comprehending 
the  various  methods  for  duplex  and  quadruplex  transmission ;  while 
the  obviously  more  far-reaching  province  of  the  Simple  Circuit,  which 
embraces  several  automatic  and  synchronous  systems,  has  been  com- 
paratively neglected,  and,  although  extensively  experimented  in  with 
splendid  success,  has  never  been  developed  in  a  measure  to  surpass  the 
performance  of  its  original  arrangement  constituting  the  ordinary  Morse 
telegraph  of  forty  years  ago. 

As  this  unique  system,  the  Morse,  is  still  universally  in  use,  and  a 
great  deal  depends  upon  its  existence,  it  will  be  profitable  to  review  it 
before  proceeding  further,  for  anything  so  old  in  the  history  of  an  art  as 
this  system  is  in  telegraphy  must  have  some  remarkable  features  to 
recommend  it. 

Like  the  proverbial  law  that  "  holds  good,"  the  Morse  has  nine  points 
that  defies  its  dispossession  of  the  field  : — 

1.  The  transmitter  is  a  single  contact  key.  The  limit  to  speed  is 
the  physical  possibility  of  an  operator's  manipulation,  and  the  matter 
to  be  transmitted  needs  no  special  preparation. 

2.  The  receiving  instrument  is  simply  an  electro-magnet,  the  armature 
of  which  directly  reproduces  the  movements  of  the  transmitting  key ; 
and  the  immediate  transcription  of  the  operator  is  in  proper  shape  for 
delivery. 

3.  The  receiving  instrument  being  electro-mechanical,  an  automatic 
repetition  of  transmitted  signals  from  one  circuit  to  another  is  readily 
obtained. 

4.  The  circuit  current  is  supplied  from  batteries  at  one  or  both  of 
the  terminal  offices. 

5.  There  may  be  any  number  of  offices  on  a  single  wire,  the  only 
limit  being  the  accommodation  for  traffic  ;  and  any  number  of  the  inter- 
mediate or  way  offices  may  be  in  or  out  of  circuit  without  affecting  the 
operation  of  the  others. 

6.  The  way  offices  are  not  called  upon  to  contribute  battery  current 
to  the  main  circuit. 
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7.  The  wire  can  be  earthed  at  any  point,  thereby  forming  two 
separate  circuits  from  earth  to  the  respective  terminal  offices;  each 
circuit  being  operative  for  all  of  the  offices  included  in  it. 

8.  At  any  way  office,  one  wire  can  be  switched  to  connect  with 
another,  the  equipment  of  the  lines  being  uniform. 

9.  The  la^t  and  very  important  feature  is,  that  in  the  act  of  trans- 
mission, substitution  of  messages  or  interruptions  by  the  receiving- 
operator,  or  by  any  other  in  the  circuit,  can  be  effected  instantly. 

These  are  the  nine  points  of  advantage  that  distinguish  the  slow  old 
Morse,  and  these  are  the  advantages  that  render  it  as  yet  pre-eminent 
and  indispensable. 

There  is  no  other  system  possessing  all  of  these  features,  consequently 
there  is  none  other  equally  advantageous.  And  it  is  clear  that  if  the 
usefulness  of  a  wire  is  to  be  enhanced,  its  equipment  should  have  in  its 
composition  the  means  for  affording,  in  each  separate  line  of  communica- 
tion, the  facilities  of  the  single  Morse  circuit. 

It  is  found,  however,  on  examination,  that  this  great  desideratum  has 
not  been  secured  in  any  of  the  various  methods  that  have  heretofore 
been  invented  for  the  purpose  of  increasing  the  practical  utility  of  the 
wire.  \_It  is  important  to  bear  this  circumstance  inmind  in  following 
this  paper  to  its  conclusion.] 

In  reviewing  the  field  of  telegraphy  it  will  be  convenient  to  consider 
first  the 

SIMPLE  CIRCUIT  SYSTEMS. 

From  time  to  time,  dating  from  an  early  period  in  the  history  of  our 
telegraphs,  attempts  have  been  made  with  more  or  less  success  to  trans- 
mit signals  by  means  of  automatic  make  and  break  devices,  perforated 
strips  and  the  like,  and  to  effect  their  reproduction  by  the  action  of 
the  current  impulses  upon  moving  strips  of  chemically  prepared  paper. 
The  speed  attained  has  not  unfrequcntly  been  marvellous  and  fairly 
incredible. 

Without  entering  into  a  discussion  of  what  may  or  may  not  have 
been  the  conditions  of  the  circuits  at  times  so  successfully  operated,  it 
will  suffice  to  state  that  the  performance  of  these  systems  was  not  uni- 
formly good  and  reliable. 

Theoretically,  any  one  of  these  systems  would  utilize  the  signalling 
capacity  of  a  wire  to  its  fullest  extent.  An  almost  inconceivably  rapid 
succession  of  makes  and  breaks  at  the  transmitting  end  of  the  line  will 
produce  a  corresponding  number  of  dote  or  dashes  on  the  recording  strip 
at  the  receiving  end.  And,  since  the  current  can  effect  chemical 
decomposition  in  a  very  much  shorter  time  than    it  can  produce  the 
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manifestation  of  magnetism,  it  is  obvious  that  the  same  speed  could 
not  be  attained  by  any  arrangement  of  electro-magnets. 

This  will  be  understood  in  view  of  the  fact  that  a  telegraph  line  300 
miles  long  is  capable  of  transmitting  about  1125  distinct  electro- 
chemical effects  per  second.  By  an  effect  is  meant  the  manifestation 
at  the  receiving  end  of  the  application  or  the  withdrawal  of  current  at 
the  sending  end.  In  a  Morse  operator's  fastest  manipulation  (40  words 
per  minute),  there  are  produced  but  24  electro-magnetic  effects,  or  an 
equivalent  of  12  dot  signals  per  second. 

At  first  sight,  then,  it  would  appear  that  an  automatic  system  of  the 
kind  described,  made  reliable,  would  fill  every  requirement,  and  afford 
us  in  a  single  circuit  the  accommodation  for  which  we  are  accustomed 
to  employ  a  score  or  more  of  wires.  Such  is  not  the  case  in  practice, 
however,  and  it  is  the  discovery  of  its  innate  shortcomings  and  com- 
parative inutility  that  has  caused  attention  to  drift  away  from  the 
electro-chemical  circuit. 

The  characteristic  and  maybe  inseparable  conditions  most  palpably 
disadvantageous  to  all  of  the  automatic  systems  are  that : 

The  matter  to  be  telegraphed  must  be  translated  or  specially  pre- 
pared for  transmission,  and  on  its  reception  has  to  be  retranslated  for 
delivery.  The  collective  preparation  of  a  large  amount  of  matter  pre- 
cludes the  practicability  of  giving  precedence  to  any  single  despatch  on 
occasion.  The  signalling  current  emanates  from  the  sending  end  alone  ; 
consequently  the  corresponding  offices  must  take  turn  about  in  trans- 
mitting, and  there  is  no  accommodation  for  way  offices  unless  equipped 
as  terminal  stations,  which  they  are  in  fact  constituted  when  in  opera- 
tion. 

Besides  these  drawbacks  to  the  automatic  systems,  there  is  the  una- 
voidable nuisance  of  the  paper  tapes  used  at  both  the  transmitting  and 
receiving  ends  of  the  line.  When  the  Morse  system  was  developed  to 
that  stage  where  the  single  tape  at  the  receiving  end  was  dispensed 
with,  a  sigh  of  relief  went  up  from  every  quarter  where  the  business 
was  of  sufficient  volume  to  produce  an  accumulation  of  the  stuff  in  the 
course  of  a  few  hours  work.  The  automatic  in  this  respect  is  a  retro- 
grade system ;  in  its  working  the  paper  tapes  form  the  most  important 
feature;  the  perforated  and  the  marked  material  rapidly  accumulates, 
and  if  fyled  for  purposes  of  reference  it  is  difficult  to  get  at  any  particu- 
lar despatch,  and  no  part  of  one  can  be  so  readily  recognized  as  the 
easily  fyled  manuscript  of  despatches  sent  or  received  by  the  Morse  sys- 
tem. 

In  fine,  it  has  been  found  that  the  automatic  systems  cannot  be 
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advantageously  operated,  and  the    extreme  rapidity  of  the  chemical 
apparatus  is,  therefore,  rendered  practically  unavailable. 

The  nearest  approach  that  has  been  made  to  a  realization  of  the 
expectations  reasonably  entertained  of  the  electro-chemical  systems  is 
the  performance  of  the  Wheatstone  Automatic.  This  system  is  a  sort 
of  compromise  between  the  electro-chemical  and  the  ordinary  Morse. 
Its  transmitter  is  essentially  the  same  as  those  employed  in  the  other 
automatic  systems,  while  its  receiver  is  electro-magnetic.  The  speed 
attained  is  of  course  much  lower  than  that  of  the  chemical  apparatus, 
yet  it  is  remarkably  high  compared  with  the  work  of  a  directly  mani- 
pulated Morse  circuit.  It  has  already  been  stated,  that  in  the  opera- 
tion of  an  electro-chemical  system,  1125  effects  can  be  produced  per 
second,  and  of  the  Morse  system,  24 ;  with  the  Wheatstone  system  the 
rate  attainable  is  as  high  as  386  electro-magnetic  effects  per  second. 
In  common  with  the  other  automatic  systems,  however,  it  has  the  already 
defined  drawbacks  rendering  its  general  application  impracticable. 

Several  printing  systems  have  been  brought  forward  but  have  not 
scored  any  great  success.  The  chief  defect  in  these  is  that  the  signal- 
ling medium  is  necessarily  idle  during  the  time  that  the  mechanism 
operates  to  present  successively  the  characters  called  for  by  the  trans- 
mitter. With  these  therefore  only  a  part  of  the  signalling  capacity  of 
the  wire  is  utilized,  and  a  very  high  speed  is  obviously  unattainable. 

Another  phase  of  simple  circuit  operation  is  presented  in  the  systems 
that  have  been  devised  to  transfer  the  line  wire  from  one  apparatus  to 
another  successively  at  both  ends  of  the  circuit,  and  thus  afford  for 
each  corresponding  set  an  intermittent  connection  so  rapidly  recurring- 
as  to  constitute  a  practically  continuous  one. 

For  a  long  time  after  the  idea  of  these  systems  was  suggested,  it  was 
considered  impracticable,  in  consequence  of  the  difficulty  of  obtaining 
the  requisite  perfect  and  continuous  synchronous  action  of  the  machin- 
ery at  either  end  of  the  line.  In  1883,  however,  that  difficulty  was  got 
over  by  the  adaptation,  in  Mr.  Delaney's  synchronous  multiplex,  of  the 
phouic  wheel,  a  species  of  electro-motor ;  and  more  recently  Lieut.  Pat- 
ten has  succeeded  in  adapting  an  alternate  current  motor  for  the  same 
purpose.     (See  the  Electrical  World,  Vol.  XIII,  p.  106.) 

Delaney's  multiplex  comprises  the  best  features  of  all  of  the  syn- 
chronous systems  that  preceded  it.  He  has  succeeded  in  getting  with 
it  six  circuits  suitable  for  the  fastest  Morse  transmission.  It  is  in  oper- 
ation on  some  lines  in  England  and  in  the  United  States,  The  utility 
of  this  system,  however,  is  limited  in  consequence  of  some  very  serious 
defects  that  will  be  specifically  dealt  with  later  on. 
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We  now  come  to  a  consideration  of  the 

COMPLEX   CIRCUIT   SYSTEMS. 

The  possibility  of  simultaneous  transmission  in  opposite  directions 
through  a  single  wire  was  an  early  conception,  hut  it  was  not  until  1872 
that  the  idea  found  practical  application. 

As  soon  as  the  principle  became  generally  known  and  understood, 
the  Duplex,  as  it  is  called,  was  introduced  in  multifarious  forms.  Its 
principle  is  a  prolifically  suggestive  one,  and  in  one  form  or  other  it 
is  now  found  in  operation  wherever  the  traffic  between  any  two  stations 
is  of  considerable  volume. 

Of  all  the  systems  for  duplex  telegraphy  that  are  in  existence, 
however,  there  is  but  one — a  somewhat  recently  introduced  combination 
of  telegraphic  and  telephonic  apparatus — practically  applicable  to  way 
stations.  The  reason  for  this  is  that  the  duplex  depends  for  its  opera- 
tion upon  devices  for  neutralizing  the  effect  of  outgoing  currents  in  the 
receiving  instruments,  while  leaving  the  latter  free  to  respond  to  incom- 
ing currents.  This  necessitates  the  placing  of  main  line  batteries  at 
each  transmitting  station,  an  arrangement  that  is,  as  already  explained, 
impracticable  for  way  offices,  especially  on  lines  of  any  considerable 
length. 

The  Quadruplet — an  airangernent  of  apparatus  for  double  transmis- 
sion in  0]  posite  directions — first  appeared  in  practicable  shape  in  1874. 
It  is  essentially  an  adaptation  of  the  duplex  principle  ;  a  combination, 
as  it  were,  of  two  duplexes.  There  are,  however,  only  four  forms  of 
the  duplex  susceptible  of  being  so  adapted.  These  are  the  Differential, 
Bridge,  Split-battery,  and  Reciprocal  (the  last  mentioned  is  described 
in  the  U.  S.  patent  No.  331,975  granted  to  the  writer  conjointly  with 
Mr.  Aaron  Garvey  in  1885).  For  the  exchange  of  business  between 
centres  where  the  wires  are  constantly  occupied,  the  quadruplex,  in  one 
or  other  of  its  forms,  is  now  extensively  used  all  the  world  over. 

The  general  features  of  the  quadruplex  may  be  stated  to  consist  in 
means  for  neutralizing  the  effect  of  the  outgoing  currents  in  the  receiv- 
ing instruments,  and  for  effecting  the  production  of  signals  on  one  side 
by  increase  and  decrease  of  current,  and  on  the  other  side  by  reversals 
of  this  current ;  or,  as  in  the  Reciprocal  system,  by  currents  of  a  given 
strength  on  the  one  side  and  heavier  currents  of  the  same  polarity  on 
the  other  side. 

Attempts  have  frequently  been  made  to  apply  these  means  for  "the 
production  of  a  Sextuplec  system  ;  but  the  greater  necessity  for  special 
devices  such  as  are  used  in  the  quadruplex  to  obviate  interference  of 
the  effects  of  the  current  of  one  side  with  the  other,  involves  so  great 
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I  an  amount  of  complication  and  machinery  as  to  render  the  idea  imprac- 
I  ticable. 

The  iuhercnt  defects  of  the  several  quadruplex  systems  consist  in  : — 

1.  The  receiving  instrument  is  in  every  instance  dependent  for  its 
energization  upon  the  battery  at  the  transmitting  station.  This  neces- 
sitates nice  adjustment  on  the  one  hand  and  extraordinarily  heavy 
currents  on  the  other. 

The  line  adjustment  of  the  receiving  instrument  exposes  it  to  the  influ- 
ence of  induction  from  strong  currents  transmitted  from  the  same  end 
in  wires  running  parallel  to  its  circuit.  And  the  heavy  currents  trans- 
mitted to  effect  the  receiving  instruments  occasion  the  same  mischiev- 
ous induction  effects  in  other  circuits  adjacent. 

Owing  to  these  conditions  it  is  a  matter  of  considerable  difficulty  to 
keep  the  apparatus  in  working  order. 

2.  There  is  no  means  for  including  intermediate  offices  in  circuit. 

3.  One  receiving  operator  is  unable  to  interrupt  his  correspondent 
without  interrupting  the  other  two  operating  on  the  same  side.  That 
is  what  occurs  in  each  of  the  duplexes ;  each  of  which  has  four  oper- 
ators,— a  sender  and  a  receiver  at  each  end.  Hence,  of  4  or  8  operators 
at  work  on  one  wire,  three  are  handicapped  if  the  fourth  be  inexpert ; 
and  it  has  thus  become  necessary  to  detail  the  best  available  operators 
for  duty  on  duplex  and  quadruplex  circuits. 

With  these  facts  before  us  we  can  readily  understand  the  fairness 
of  its  being  estimated,  that  the  value  of  a  duplex  circuit  is  about  90 
per  cent.,  and  a  quadruplex  circuit  about  75  per  cent.,  that  of  a  simple 
Morse  line  between  any  two  stations.  In  other  words,  a  quadruplex  is 
only  about  as  good  as  three  straight  Morse  circuits.  And  we  c;in  see, 
too,  in  the  light  of  these  facts,  how  very  far  these  multiple  circuit 
systems  have  fallen  short  of  the  advantages  of  the  simple  Morse  circuit 
set  forth  in  the  beginning  of  this  paper.  At  the  same  time,  it  will  be 
remarked  that  the  work  done  in  respect  of  these  systems  has  been  one 
of  steady  development  and  extensive  application  in  practice  ;  they 
have  been  brought  to  that  stage  where  all  but  their  inherent  defects 
are  eliminated,  and  we  perceive,  in  view  of  the  already  mentioned  sig- 
nalling capacity  of  a  line  wire,  that  the  principles  underlying  them  are 
not  the  correct  ones  on  which  an  ideal  system  can  be  based. 

THE  SYSTEMS  COMPARED. 

To  get  at  a  clear  idea  now  of  the  comparative  value  of  the  different 
systems,  we  can  admit  a  maximum  of  efficiency  in  each  case — crediting 
the  quadruplex,  for  example,  with  the  full  value  of  4  Morse  circuits 
— and  set  down  the  highest  rates  of  transmission  quoted  in  works  in 
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which  they  are  specifically  treated.     By  classifying  them  as  hereunto 
we  can  readily  perceive  how  they  stand. 

Single  Circuit — Manipulated.  Rate  Per  Minute. 

Morse 40  words. 

Type  Writing  (Hughes  or  Phelps) 50    " 

Synchronous  Multiplex  (6  circuits  x  40  =  )    240    " 
Single  Circuit — Automatic. 

Electro-Chemical 1500    " 

Electro-Magnetic  (Wheatstone) 428    " 

Complex  Circuit — Manipulated. 

Duplex (2x40-) 80    " 

Quadruplex (4x40  =) 160    " 

Leaving  aside  the  question  of  the  practical  availability  of  the  electro- 
chemical method,  we  have  seen  that  the  value  of  its  remarkably  high 
speed  is  reduced  by  the  necessity  for  dual  translation  of  the  matter 
transmitted ;  the  same  is  true  of  the  Wheatstone  Automatic,  the  next 
highest  in  point  of  signalling  capacity. 

Of  the  systems  operated  by  direct  manipulation,  the  simple  Morse  is 
the  only  one  of  general  utility.  The  others  are,  as  has  been  pointed  out, 
only  adaptable  to  terminal  stations ;  of  these  latter,  however,  the  syn- 
chronous multiplex  is  shown  to  have  the  greatest  efficiency.  It  is  be- 
sides a  simple  circuit  system,  and  the  nearest  of  any  akin  to  the  simple 
Morse. 

The  indications  are  therefore  very  clearly  defined,  that  the  principle 
upon  which  the  synchronous  multiplex  is  based  is  the  correct  one  to  fol- 
low up,  with  a  view  to  the  full  utilization  of  the  line  wire. 

We  can  now  with  advantage  revert  to  a  consideration  of  that  princi- 
ple, and  in  due  course  it  will  transpire  how,  by  properly  applying  it,  we 
can  create  a  perfect  system  of 

MULTIPLE   CIRCUITS. 

If  a  moment's  consideration  is  given  to  the  fact,  that  the  signals 
transmitted  by  an  operator  on  a  Morse  wire  are  made  up  of  dots,  dashes, 
and  spaces,  it  will  be  perceived  that  there  are  in  these  several  conditions 
certain  periods  of  rest.  When  the  key  is  open  (spacing  for  instance), 
the  circuit  is  fulfilling  no  function.  Can  this  period  be  taken  advantage 
of,  and  the  line  wire  for  the  time  of  its  duration,  however  short,  be 
transferred  to  complete  a  circuit  with  other  sets  of  apparatus? 

That  is  the  question  on  which  the  operation  of  the  synchronous  mul- 
tiplex hinged,  and  it  has  been  answered  affirmatively. 

To  get  at  an  understanding  of  it,  the  action  of  the  current  upon  the 
electro-magnet  must  be  considered. 
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It  is  evident  the  magnetism  developed  in  the  iron  core  by  the  action 
of  the  current  does  not  appear  and  disappear  in  its  greatest  strength 
abruptly  ;  there  must  be  a  rise  and  a  fall  to  it.  Some  time  is  taken  for 
the  magnetism  to  develop  after  the  current  is  applied,  and  some  time 
is  taken  for  the  magnetism  to  die  away  after  the  current  is  withdrawn. 

I  There  is  as  it  were  a  residual  magnetism  in  the  core  for  a  brief  period 
after  the  current  is  withdrawn.  And  it  further  appears  that  the  stronger 
the  current  is  the  longer  will  the  residual  magnetism  last.  If  the  arma- 
ture of  the  electro-magnet  were  arranged  to  respond  to  the  effect  of  a 
weak  current,  and  a  strong  current  were  applied,  it  is  evident  the  arma- 
ture would  remain  attracted  for  some  time  after  the  current  was  with- 
drawn. If  the  current  were  withheld  for  a  brief  space  the  armature 
would  fall  away  ;  bub  if  the  current  were  re-applied  very  quickly,  the 
electro  magnet  would  become  re-energized  before  the  armature  would 
have  had  time  to  fall  away.  Hence,  by  alternately  applying  and  with- 
drawing the  current  very  rapidly,  the  electro  magnet  would  appear  to 
be  influenced  by  a  continuous  instead  of  an  intermittent  current. 

Now,  that  being  the  case,  it  is  evident  that  a  number  of  points  in  a 
circle  might  be  made  the  terminals  of  conductors  leading  to  the  electro- 
magnet, and  a  revolving  arm  successively  touching  these  points  might 
be  the  means  of  communicating  the  current  to  it.  In  that  case  it  would 
only  be  necessary  to  apply  the  current  to  the  arm  in  order  to  actuate 
the  electro-magnet.  And  if  between  these  several  points  another  set 
of  points  is  placed  and  put  in  connection  with  a  second  electro-magnet, 
this  one  would  be  actuated  in  like  manner  to  the  first,  and  so  on,  until 
the  entire  space  of  the  circle  were  occupied  and  a  considerable  number 
of  instruments  could  be  actuated. 

Now,  if  a  similar  arrangement  of  electro-magnets  and  contact  points 
is  placed  at  a  distant  station,  and  the  revolving  arms  are  synchronized 
and  connected  together  by  a  line  wire  reaching  from  one  to  the  other, 
the  line  wire  becomes  a  practically  permanent  conductor  common  to  all 
of  the  electro  magnets,  and  yet  it  is  only  in  connection  with  the  several 
pairs  of  them  one  at  a  time,  so  that  signals  might  be  exchanged  between 
any  two  corresponding  sets  without  any  reference  whatever  to  the  others. 

Whether  this  could  be  realized  in  practice,  was  what  Mr.  Delaney 
and  others  before  him  sought  to  ascertain  in  the  working  of  their  re- 
spective systems.  We  have  seen  the  outcome  of  it  in  the  synchronous 
multiplex,  and  the  result  is  very  satisfactory.  It  is,  however,  not  nearly 
so  efficient  as  it  was  expected  to  prove. 

In  the  Electrical  World,  Vol.  II.,  No.  18,  of  Dec.  29, 1883,  and  Vol. 
VI.,  No.  20,  of  14th  Nov.,  1885,  wi  11  be  found  illustrated  articles  fully 
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explanatory  of  the  original  system  and  its  improvements.  These  articles 
can  be  consulted  for  details ;  it  answers  our  present  purpose  to  have 
gleaned  the  following  facts  :  — 

1.  The  receiving  instruments  are  actuated  by  currents  emanating 
from  the  sending  end  alone.  Hence  the  system  is  only  applicable  to 
terminal  stations. 

2.  It  is  necessary  to  afford  to  each  operator  34  contacts  per  second 
with  the  line  wire,  in  order  to  enable  him  to  transmit  with  the  same 
facility  as  on  an  ordinary  circuit.  This  is  practically  equivalent  to  3 
contacts,  or  3  impulses  of  current  per  dot  signal. 

3.  The  operation  is  confined  to  lines  not  exceeding  100  miles  in 
length. 

With  these  facts  before  us  we  perceive  that  the  synchronous  multi- 
plex, according  to  Mr.  Delaney's  invention,  is  deficient  in  two  impor- 
tant respects;  its  application  is  limited,  and  it  does  not  economically 
utilize  the  signalling  capacity  of  the  line  wire. 

We  have  not  to  go  very  far  to  ascertain  the  causes  that  produce  these 
restrictions. 

In  several  of  the  text-books  the  laws  governing  the  transmission  of 
currents  are  fully  set  forth.  Take  for  instance  the  work  of  Geo.  B. 
Prescott,  1885,  Vol.  I,  wherein  it  is  shown  (see  note  pdge  260)  that  the 
time  required  to  actuate  an  electromagnet  is  about  directly  proportional 
to  the  length  of  the  conductor  and  inversely  proportional  to  its  conduc- 
tivity. An  actual  experiment  is  cited,  p.  395,  whereby  it  was  ascer- 
tained that  on  a  No.  8  iron  wire  300  miles  long,  a  Hughes  (polarized) 
electro-magnet  was  actuated  in  "003=:  gig  of  a  second ;  while  for 
an  unpolarized  electro-magnet  the  time  required  is  stated  to  be  '01 
=  TJ-  of  a  second. 

By  calculation  in  accordance  with  these  premises,  it  appears  a  length 
of  100  miles  of  No.  6  iron  wire  (the  size  generally  used  for  multiple 
circuit  lines)  is  capable  of  producing  a  signal  in  '0022=  ^^  of  a 
second  on  a  receiver,  f  such  as  is  used  in  the  Delaney  system.  Here 
are  the  figures  :  — 

No.  8  No.  6 

Lengths  300        :         100  )  m 

Resistances     12-92         :       8"54  f 


t  As  the  Hughes'  apparatus  already  mentioned  is  not  adaptable  for  general 
signalling  purposes,  and  the  polarized  instruments  in  use,  such  as  the 
Siemens  relay,  have  practically  about  the  same  celerity  of  action  as  an 
unpolarized  electro-magnet,  the  time  required  to  produce  a  signal  on  an 
unpolarized  magnet  on  the  300  mile  line,  viz.,  '01  sec,  is  obviously,  for  pur- 
pose of  comparison,  the  proper  quantity  to  consider. 
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Now,  on  referring  to  the  descriptive  articles  already  mentioned,  it  is 
seen  rhat  Mr.  Delaney's  apparatus  comprehends  7  circuits  (six  signal- 
ling, aid  one  corrective  of  the  synchronism)  of  12  contacts  each ;  in 
all  (12x7  —  )  84  line  contact  points.  These  84  line  contacts  are 
alternately  disposed  with  an  equal  number  of  contact  points  connected 
to  earth,  which  serve  to  partially  discharge  the  line  between  the  suc- 
■Bssive  transmissions  of  current,  so  there  is  altogether  168  contact 
points  or  "plates,"  as  they  are  generally  called,  in  the  circle  traversed 
by  the  line  brush. 

Suppose  the  parts  to  be  of  the  following  demensions  : — 

Inches.  Total. 

Line  plates,  each  \  =  .25  in.  x  84  =  21.0 

Earth     "       "  1=  .25  "     x  84  -  21.0 

Spaces  between  ditto      ^=.025"    xl68=     4.2  =  46.2 

The  circumference  of  the  circle  is  in  this  case  46.2  inches,  and  as  it 
is  traversed  by  the  line  brush  2  %  times  in  a  second,  it  follows  that 
a  distance  of  (46.2  x  2.83  =  )  130.75  inches  per  second  is  covered. 

Now,  as  the  length  of  time  occupied  by  the  brush  in  passing  over  a 
given  line  plate  is  the  exact  measure  of  the  duration  of  contact  made 
with  the  battery,  for  the  transmission  of  a  current,  it  is  evident  that 
(since  130.75  :  "25  ::  1  :  '0019)  the  current  is  in  each  instance  pre- 
sented to  line  for  only  (•  0019  =  )  -\-  of  a  second. 

Again,  it  will  have  been  noticed  in  following  these  calculations,  that 
with  a  given  speed  of  rotation  of  the  line  brush,  the  width  of  the  plates 
determines  the  length  of  time  the  current  is  put  to  line.  This  being 
the  ease,  it  is  obvious  that  when  the  brush  is  passing  over  an  earth 
plate,  the  line  is  fulfilling  no  function,  it  is  idly  discharging ;  con- 
sequently, with  this  arrangement  the  line  is  half  of  the  time  idle 
and  its  theoretical  capacity  is  utilized  to  the  extent  of  less  than  50  per 
cent.,  the  insulation  wedges  between  the  line  and  earth  plates  occa- 
sioning the  slightly  further  loss. 

That  this  disadvantage  is  inseparable  from  the  system  is  evident, 
for  the  discharge  of  a  line  is  always  slower  than  the  charge,  and  it  is 
necessary  in  this  system  to  obviate  the  possibility  of  an  appreciable 
part  of  the  charge  due  to  the  transmission  of  a  signal  between  one 
pair  of  corresponding  plates  being  communicated  to  the  electro-mag- 
nets connected  with  the  next  succeeding  pair. 

There  is  in  the  foregoing  figures,  too,  an  explanation  of  the  other 
deficiency  of  the  system.  The  apparatus  in  operation  transmits  cur- 
rents of  only  .0019  sec.  duration;  we  have  seen  elsewhere  that  the 
time  required  to  produce  a  signal  (that  is,  to  effect  a  full  attraction  and 
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movement  of  the  armature  of  the  receiving  instrument)  on  a  line  of 
100  miles  of  No.  6  iron  wire  is,  by  calculation,  .0022  sec.  The  differ- 
ence is  so  small  that  the  figures  may  be  said  to  agree.  However,  it  is 
evident  the  transmitted  current  is  barely  sufficient  to  produce  an 
effect ;  and,  as  the  length  of  time  required  to  produce  a  signal  increases 
with  the  length  of  the  conductor,  it  can  be  readily  understood  why  the 
operation  of  the  system  is  confined  to  comparatively  very  short  circuits. 
With  the  synchronous  multiplex  before  us,  its  deficiencies  discovered, 
and  the  causes  thereof  traced  to  an  arithmetical  certainty,  it  is  an  easy 
matter  to  define  what  the  requisites  are  to  produce  an  ideal  system  : — 

1.  The  receiving  instruments  should  be  made  responsive  to  single 
pulsations  of  an  ordinary  strength  of  current,  so  as  to  be  independent 
of  intermittances.  This  would  economize  the  signalling  capacity  of 
the  line. 

2.  The  necessity  for  discharging  the  line  after  each  pulsation  should 
as  far  as  possible  be  eliminated,  so  as  to  admit  of  minimizing  the  earth- 
plates  and  thus  afford  space  for  additional  line  plates.  This  would 
secure  the  furthest  utilization  of  the  signalling  capacity  of  the  line. 

3.  The  system  should  be  applicable  to  intermediate  stations.  This 
would  render  every  one  of  the  several  circuits  as  readily  available  and 
generally  adaptable  as  a  single  Morse  line. 

Now,  the  attainment  of  this  perfection  is  not  only  possible,  it  is  the 
next  thing  to  an  accomplished  fact,  as  will  be  seen  in  considering  tl.e 
results  of  the  writer's  personal  research  in  this  particular  department. 
These  results  are  comprised  in  a  new  system  comprehensively  designated, 

THE   INTERCHANGEABLE   WAY-WIRE   MULTIPLEX. 

As  this  system  is  somewhat  different  from  its  predecessors  in  the 
principle  of  its  operation,  it  may  be  best  introduced  for  consideration 
by  a  general  statement  of  its  characteristics. 

The  conception  of  it  is  based  like  the  other  synchronous  systems  on 
the  well-known  fact  that  the  manipulation  of  a  key  by  the  most  expert 
Morse  operator  is  very  slow  compared  with  the  rapidity  with  which  an 
electrical  effect  can  be  produced,  and  further,  on  the  ascertained  fact 
that  when  signals  are  produced  by  pulsations  of  alternate  polarity,  + 
closing  and  —  opening,  24  contacts  per  second  (12  corresponding  to 
downward  movements  or  depressions,  and  12  corresponding  to  uprisals 
of  the  key)  is  all  that  is  necessary  for  transmission  at  the  rate  of  40 
words  per  minute. 

According  to  this  latter  finding  it  is  only  necessary  to  make  connec- 
tion between  any  two  corresponding  sets  of  apparatus  once  in  every 
Jj  of  a  second,  in   order  to  intercept  every  movement  of  a  given  key, 
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and  so  produce  precisely  the  same  effect  iu  the  distant  receiver  as 
would  obtain  were  the  sending  and  receiving  instruments  continuously 
in  circuit. 

In  order  that  this  may  be  understood,  the  tape  of  a  Morse  register 
may  be  taken  in  an  instance  where  signals  have  been  embossed  upon  it 
at  the  rate  of  40  words  per  minute.  The  length  of  a  dot  will  be  found 
to  be  J?  of  the  length  of  tape  passed  over  per  second.  Or,  a  sentence 
of  40  words  may  be  written  down  in  Morse  characters  on  paper  ruled 
with  horizontal  lines  representing  unit  divisions,  allowing  1  unit  for 
a  dot,  1  unit  for  the  space  between  the  elements  of  a  letter,  3  units  for 
a  dash,  2  units  for  the  space  between  letters,  and  4  units  for  the  space 
between  words  ;  it  will  be  found  that  the  entire  sentence  occupies  1440 
divisions  =  24  units  per  second,  thus  showing  that  ^  sec.  is  occupied 
in  the  formation  of  a  dot  or  a  space  in  manipulation  at  the  rate  of  40 
words  per  minute. 

On  the  other  hand,  it  is  known  that  the  time  required  for  the  pro- 
duction of  a  signal  by  electro-magnetism  is  extremely  brief;  only 
•003  =  3^3  of  a  second,  with  sufficiently  sensitive  yet  practical 
apparatus,  on  an  ordinary  No.  8  iron  telegraph  wire  300  miles  long, 
and  in  less  time  on  a  line  of  shorter  length. 

It  is  therefore  obvious  that  the  whole  period  (JT  sec.)  of  each  of 
24  contacts  that  can  be  afforded  in  a  second  is  not  necessarily  at  the 
disposal  of  one  operator. 

Hence,  if  in  every  ^\  of  a  second  the  line  wire  is  put  in  connection 
with  a  given  key  sufficiently  long  to  produce  one  electrical  effect,  the 
balance  of  each  ^  of  a  second  can  be  occupied  in  the  production  of 
electrical  effects  under  other  keys  with  which  it  can  be  successively 
connected.  From  this  it  follows  that  if  the  time  required  to  produce 
an  effect  on  a  300  mile  line  is  only  gig  of  a  second,  we  can,  theore- 
tically, obtain  in  it  as  many  as  (  ^f   =)  13  signalling  circuits. 

Now,  it  will  have  been  seen  in  the  description  thus  far,  that  the  prin- 
cipal action  hinges  on  the  possibility  of  the  brief  transmitted  current 
affcting  the  receiver,  in  such  a  way  as  to  leave  an  impression  upon  it 
during  the  interval  of  the  succeeding  pulsations.  That  is,  if  a  +  pulsa- 
tion is  transmitted  in  the  formation  of  a  dot  or  dash,  the  armature 
of  the  receiver  must  be  attracted  and  remain  so  until  a  —  pulsation, 
transmitted  in  the  formation  of  a  space,  reverses  its  position. 

And  it  is  also  evident  that  the  receiver  must  be  extremely  sensitive 
in  order  to  afford  the  maximum  number  of  signalling  circuits  on  a 
given  line. 

To  see  how  this  is  provided  for,  it  will  be  remembered  that  in  d  al- 
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ing  with  the  other  system?  just  now,  it  was  shown  that  a  signal  can  be 
produced  on  a  Hughes'  magnet  in  3^  sec.  against  ^  J-  sec.  required 
for  electro-magnets  of  other  forms.  In  other  words,  the  Hughes  is  3 
times  quicker  in  its  action. 

Now,  it  has  been  found  m  the  course  of  experiments  made  with  refer- 
ence to  this  system,  thai  if  an  ordinary  polarized  relay  is  operated 
through  the  medium  of  an  induction  coil,  the  relay  is  rendered  respon- 
sible to  a  single  brief  pulsation  of  current;  whereas,  when  operated 
directly,  three  successive  pulsations  are  required  to  produce  a  full 
attraction  of  its  armature.  That  is  to  say,  the  combination  with  the 
induction  coil  furnishes  a  receiving  instrument  equal  in  celerity  with 
the  Hughes  magnet,  and  should  therefore  be  capable  of  response  to  a 
signalling  current  of  ^  sec.  duration  on  a  300  mile  line  of  No.  8 
iron  wire.  By  means  of  an  automatic  device,  the  induced  currents 
communicated  to  the  relay  operate  in  only  one  direction  dependent 
upon  the  polarity  of  the  transmitted  pulsation.  Consequently  its  arma- 
ture remains  at  rest  against  one  or  other  of  its  limiting  stops,  according 
to  the  direction  of  the  last  current  presented  to  it,  and  is  unaffected  by 
successive  pulsations  of  the  same  polarity. 

Now  having  an  economical  method  of  signalling  and  the  requisite 
apparatus  therefor,  it  is  only  necessary  to  associate  it  with  means  for 
transferring  the  line  wire  from  one  set  of  instruments  to  another 
simultaneously,  at  as  many  stations  as  desirable  on  a  line,  in  order  to 
produce  a  multiplicity  of  signalling  circuits. 

In  the  references  that  have  already  been  mentioned  in  connection 
with  previous  systems  (viz.,  Electrical  World,  Vols.  II,  VI  and  XIII), 
the  means  whereby  synchronism  can  be  obtained  and  maintained  be- 
tween stations  connected  together  in  circuit  are  set  forth  in  a  sufficiently 
clear  manner,  to  obviate  the  necessity  for  explaining  in  detail  the 
specific  arrangements  that  have  been  devised  for  that  purpose  in  this 
instance.  It  will  suffice  to  state  here  that  motors  at  the  terminal 
stations  of  a  line  are  brought  into  unison  by  correcting  devices.  Currents 
regularly  alternating  in  polarity  are  concurrently  transmitted  to  line 
from  both  terminals ;  these  currents  conjointly  operate  the  motors  at 
the  intermediate  stations,  and  the  result  is  a  perfectly  synchronous 
action  throughout  the  entire  system. 

By  means  of  this  synchronous  mechanism,  a  brush  in  electrical  con- 
nection with  the  main  line  is  revolved  about  the  circle  of  contacts 
connected  with  the  signalling  apparatus,  at  all  of  the  stations  in  circuit, 
with  sufficient  frequency  to  put  the  line  in  contact  with  each  of  the 
corresponding  sets  of  apparatus  once  in  every  &  of  a  second ;  and  at 
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each  of  the  terminal  stations  the  shaft  thatrevoives  the  brush  carries  a 
commutator  of  a  sufficient  number  of  segments  to  produce  24  reversals 
per  second  of  the  main  line  battery  which  is  connected  with  it. 

The  main  batteries  at  the  terminal  stations  are  moreover  reveisely 
connected  with  the  commutators,  consequently  +  presented  to  line  at  one 
end  is  met  by  —  presented  at  the  other  end ;  the  currents  combine  in 
the  line,  and,  as  they  are  alternated  by  the  revolving  commutators,  the 
line  is  traversed  by  regularly  recurring  +  and  —  pulsations. 

It  will  be  seen,  therefore,  that  the  passage  of  the  main  line  brush 
over  the  contact  plates  connected  with  the  signalling  instruments  is  con- 
current with  the  presentation  to  line  of  any  one  phase  +  or  —  of  the 
main  line  current.  Hence,  if  the  contact  plates  are  arranged  in  series 
equidistantly,  and  corresponding  to  the  segments  of  the  commutator, 
certain  of  the  contacts  will  regularly  and  invariably  afford  a  path  for 
the  +  ,  and  the  others  for  the  —  pulsations. 

And,  further,  if  the  transmitting  keys  are  provided  with  front  and 
back  contacts,  respectively  connected  with  the  +  and  — series  of  the 
line  plates,  the  levers  of  the  keys  being  connected  with  the  battery  com- 
mutator, it  is  evident  that  when  any  given  key  is  depressed  or  upraised 
it  will,  in  its  circuit,  interrupt  the  path  of  one  or  other  of  the  currents. 

This  being  the  case,  the  polarity  of  the  current  transmitted  depends 
upon  the  position  of  the  key  in  the  case  of  each  of  the  signalling 
circuits.  And  normally,  when  the  key  in  any  circuit  is  not  being  used, 
a  circuit  closing  arm  associated  with  it  in  the  ordinary  manner  is 
closed  and  bridges  both  the  back  and  front  contacts,  thus  permitting 
both  phases  of  the  current  to  circulate. 

Now,  as  the  4-  and — phases  of  current  are  presented  in  each 
instance  for  -fa  of  a  second,  during  which  time  the  line  brush  traverses 
one  entire  series  of  the  contacts,  it  is  clear  that  if  the  keys  in  some  of 
the  circuits  were  depressed  and  in  others  upraised,  the  current  would  be 
interrupted  and  re-established  repeatedly,  so  that  it  becomes  broken  up 
in  a  succession  of  mere  pulsations.  The  fact  is,  therefore,  that  each  of 
the  signalling  circuits  is  operated  by  means  of  a  single  pulsation  that 
recurs  alternately  +  and  — ,  every  ^  of  a  second,  and  the  position 
of  the  key  determines  whether  a  given  pulsation  shall  or  shall  not  affect 
the  receiving  instruments  that  are  in  circuit  with  it. 

It  might  appear  at  first  sight  that  there  is  a  chance  of  a  movement 
of  the  key  taking  place  between  two  successive  pulsations,  that  would 
not  be  reproduced  in  the  receiver  ■  but  a  moment's  consideration  will 
show  this  to  be  impossible,  since  every  movement  of  the  key  by  the 
operator's  hand  occupies,  at  the  very  least,  a  period  of  time  that  is  suffi- 
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cient  for  the  line  brush  to  sweep  over  the  entire  series  of  the  circuits. 
There  is,  however,  this  possibility,  that  in  a  case  where  4-  currents 
operate  to  close  the  receivers,  and  —  currents  to  open  them,  the  send- 
ing key  might  be  depressed  concurrently  with  the  presentation  of  a  — 
phase  of  the  current,  and  upraised  concurrently  with  the  succeeding  + 
phase.  In  such  a  case  it  is  evident  the  movement  of  the  key  would  be 
lost  on  the  receiver;  this  possibility  is,  however,  obvi  itid  by  means  of 
a  semi-automatic  transmitter  through  which  the  movements  of  the  key 
are  communicated  to  the  line  circuit.  The  operation  is  simply  this:  If 
the  key  is  depressed  to  form  a  dot,  the  lever  of  an  electro-magnet,  in 
local  circuit  with  the  key,  is  depressed,  and  remains  in  that  position, 
after  the  key  is  upraised,  until  a  +  pulsation  transmitted  to  line 
releases  it.  The  lever  in  its  upraised  position  affords  a  path  for  the 
succeeding  —  pulsation.  A  dot  is  thus  transmitted.  If  the  key  is 
asain  depressed,  the  same  operation  is  repeated ;  so  long  as  the  key 
remains  open  only  —  currents  go  to  line ;  and  when  closed,  +  cur- 
rents are  transmitted.  As  the  successive  pulsations  recur  with  the 
same  rapidity  as  the  movements  of  the  key,  it  is  obvious  the  latter  can- 
not get  ahead  of  the  former  ;  consequently,  every  movement  of  the  key 
is  reproduced  in  the  receiver,  the  operation  being  precisely  the  same  as 
if  the  key  moved  in  exact  unison  with  the  recurring  alternations  of 
current. 

There  now  remains  only  one  other  important  feature  to  point  out:  It 
is,  that  as  in  this  system  the  receiving  apparatus  is  positive  in  action 
and  responsive  to  one  full  pulsation  of  either  polarity,  it  is  not  in  any 
given  circuit  susceptible  to  the  influence  of  the  tailings  of  the  charge  in 
the  line  due  to  the  transmission  of  a  signal  in  the  circuit  immediately 
preceding.  It  is  therefore  sufficient  to  put  between  the  successive  line 
plates  a  very  narrow  segment  for  earth  contact.  Between  the  separ- 
ate series  an  earth  plate,  as  large  as  any  one  of  the  line  plates,  is  pro- 
vided to  fairly  clear  the  line  of  the  charge  of  one  polarity  before  the 
other  is  introduced. 

.Reverting  for  a  moment  to  the  explanation  given  as  to  how  signals 
are  transmitted,  it  will  be  remembered  that  the  current  pulsations  are 
regularly  presented,  and  it  is  the  position  of  the  keys  that  determines 
their  circulation  in  the  respective  circuits.  It  will  therefore  be  readily 
understood  how  intermediate  offices  can  be  introduced  on  the  line ;  they 
have  circles  of  line  contactplates  and  the  rest  of  the  apparatus  except- 
ing the  main  line  batteries  and  commutators,  which  are  not  needed;  the 
transmitted  currents  pass  through  them,  each  circuit  having  its  own 
pulsations  to  which  the  receivers  respond.     As  at  the  terminal  stations 
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so  is  it  at  the  way  offices,  the  position  of  a  given  key  determines  the 
circulation  of  the  current.  Normally,  the  circuit-closing  arms  of  all 
the  keys  in  a  given  circuit  are  closed,  and  the  recurring  +  and  —  pul- 
sations circulate  in  it.  The  opening  of  any  one  key,  therefore,  will  affect 
all  the  receivers  in  the  circuit,  and  they  will  follow  its  movements  pre- 
cisely as  on  an  ordinary  single  circuit  Morse  wire. 

The  interchangeable  feature  of  the  system  is  also  almost  self-evi- 
dent. Since  the  signalling  currents  emanate  from  both  ends  of  the 
line,  any  one  of  the  intermediate  offices  can  ground  a  given  circuit  and 
work  in  either  direction  independently  ;  or  loop  lines  can  be  introduced 
and  operated  precisely  in  the  same  way  as  when  let  into  a  regular 
Morse  circuit ;  or  a  number  of  offices  may  be  regularly  on  one  circuit 
while  a  certain  other  number  may  be  on  another,  and  these  can  inter- 
change in  the  same  way  as  if  located  on  so  many  separate  wires.  More- 
over, we  have  this  very  desirable  feature,  that  in  the  normal  condition 
the  keys  being  all  closed,  the  apparatus  at  an  intermediate  office  pre- 
sents no  obstruction  whatever  to  the  passage  of  the  currents;  it  may 
therefore  be  out  of  adjustment  or  otherwise  disarranged  without  affect- 
ing the  other  offices  in  circuit,  just  as  on  an  ordinary  Morse  line  which 
is  operative  between  offices  whose  instruments  are  adjusted  and  inoper- 
ative to  those  whose  instruments  are  not  adjusted  or  otherwise  locally 
affected. 

Now,  from  what  has  been  stated,  it  is  evident  that  we  have  here  a 
system  calculated  to  afford  the  highest  possible  degree  of  efficiency,  and 
one  that  utilizes  the  capacity  of  the  line  wire  to  the  fullest  extent. 

Of  13  circuits  theoretically  obtainable  in  a  wire  300  miles  long,  we 
-can  count  upon  at  least  9  for  signalling  purposes  ;  we  might  do  more 
than  that,  but  recollecting  that  the  number  depends  upon  the  length  of 
the  surface  traversed  by  the  line  brush  per  second,  the  space  equivalent 
to  4  circuit  plates  is  only  a  liberal  allowance  to  make  for  the  synchron- 
ous circuit  plate,  the  earth  plate,  and  its  minor  segments  and  the 
insulation  wedges.  All  these  may  be  taken  together  and  set  down  as 
mechanical  intervention,  and  therefore  a  constant  quantity;  and  in  any 
calculation  we  make  for  a  given  line,  we  may  subtract  the  equivalent 
of  4  circuits  from  the  theoretical  in  order  to  determine  its  practical 
capacity.  Thus,  in  accordance  with  the  law  of  proportions  elsewhere 
dealt  with  in  this  paper,  we  should  obtain  on  an  ordinary  line  150  miles 
long  as  many  as  (f  %%  x  13  =  26,  —  4  =)  22  signalling  circuits. 

How  readily  this  can  be  done  has  yet  to  be  ascertained.  It  will  be 
remembered  that  in  the  remarks  prefacing  the  description  of  this  Way- 
Wire  system,  it  has  been  stated  that  the  perfection  attainable  in  it  is 
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the  next  thing  to  an  accomplished  fact.  What  has  been  herein  described 
is  mainly  an  hypothetical  fabric — to  use  a  big  phrase — but  it  is  s 
theoretical  construction  that  is  based  on  the  results  of  and  inferences 
from  sound  laboratory  experiments.  It  yet  remains  to  be  seen  whethei 
all  that  is  claimed  for  this  system  can  be  realized  in  actual  practice. 


Note. — It  is  not  stated  so,  literally,  but  it  is  in  effect :  It  is  stated  on  p. 
397,  that,  "  The  rapidity  with  which  successive  signals  can  be  transmitted 
depends  essentially  upon  the  time  required  to  charge  and  discharge  the  line." 
[This  time,  it  is  shown  on  p.  393,  is  on  a  No.  8  iron  wire  300  miles  long, 
about  -018  sec,  and  on  an  equal  length  of  No.  6  gauge  ("20  in  diameter),  the 
lime  required  is  about -013  sec]. 

It  is  stated  on  p.  395,  that  the  time  required  to  produce  an  effect  on  the 
No.  8  wire  was  found  to  be  with  a  Hughes  electro-magnet  -003  sec. ;  and  '01 
-sec-  is  set  down  for  an  unpolarized  electro-magnet  of  the  ordinary  form. 

It  further  appears,  on  p.  395,  that  on  a  given  line  with  one  class  of  appara- 
tus, the  time  required  to  produce  an  effect  is  "  nearly  in  proportion  to  the 
length  of  the  line;  "  and  with  the  other  class  of  apparatus  the  time  required 
"increases  in  a  much  greater  proportion  than  the  length  of  the  line." 
These  statements  have  reference  to  lines  of  300  miles  and  over,  and  it  is 
therefore  very  safe  to  assume  that  for  lines  under  300  miles  the  time  is  at  the 
most  directly  proportional  to  the  length. 

The  obvious  interpretation  of  all  this  is,  that  the  time  required  to  charge 
a  line  is  the  index  of  its  signalling  capacity.  If  we  know  the  rate  of  charge 
of  any  two  wires  and  the  signalling  capacity  of  one  of  them,  we  can, 
by  a  simple  sum  in  proportion,  determine  the  signalling  capacity  of  the 
other. 

Whence  it  follows,  taking  the  figures  quoted,  that  the  time  required  to  pro- 
duce an  effect  on  an  unpolarized  magnet  on  the  300  mile  No.  6  line  is  '0072 
-ec.  ;  the  proportion  being  -018  :  -013  : :  -01  :  -0072.  And  the  time  required 
on  a  100  mile  length  of  the  same  line  is '0024  sec. ;  the  proportion  being 
300  :    100::  -0072  :  '0024. 

This  result  is  practically  the  same  as  the  '0022  arrived  at  by  the  other  cal- 
culation given  in  the  paper.  Besides,  the  interpretation  of  the  above  text,  upon 
vhich  the  last  mentioned  calculation  is  based — (viz.,  that  the  time  required 
:o  actuate  an  electro  magnet  is  about  directly  proportioned  to  the  length  and 
resistance  of  the  conductor) — is  supported  by  the  statement,  in  Prescott, 
Vol.  II, p.  1110,  that  "thespeed  (having  reference  to  the  synchronous  mul- 
tiplex) is  inversely  proportional  to  the  length  and  directly  as  the  size  of  the 
conducting  wire  "  ;  this  is  of  course  assuming  that  the  size  of  the  wire  has 
reference  to  its  conductivity. 


DISCUSSION. 

Mr.  W.  J.  Camp,  of  the  Canadian  Pacific  Telegraph  Co.,  said  he  Mr.  camp, 
had  read  Mr.  Keeley's  paper,  and,  as  far  as  he  could  judge  at  present,  the 
system  appeared  quite  feasible.  To  give  a  decided  opinion  upon  it  he 
would  have  to  study  it  more  thoroughly.  The  principal  trouble  with  the 
existing  multiplex  or  quadruplex  systems,  which  are  the  only  ones  in 
practical  use,  is  that  of  battery  power.  Mr.  Keeley's  system  overcomes 
that,  as  it  reduces  the  battery  power  required  to  about  one-third. 

The  Wheatstone  automatic  system,  which  is  largely  used  in  England, 
and  to  some  extent  in  the  United  States,  did  not  answer  very  well  for 
America,  the  percentage  of  errors  in  telegrams  being  largely  increased 
by  its  use.  Although  it  may  appear  that  automatic  transmission  would 
reduce  the  number  of  errors,  experience  has  proved  that  by  direct  man- 
ual transmission  and  receiving  by  sound,  the  very  best  results  as  to 
correctness  are  obtained.  Another  objection  to  the  automatic  system  is 
the  time  occupied  in  getting  the  despatch  from  one  point  to  another. 
Although  the  actual  transmission  over  the  wire  is  very  rapid,  a  great 
deal  of  time  is  lost  in  preparing  the  paper  tape  to  transmit  and  in  trans- 
lating the  characters  at  the  receiving  office.  If  Mr.  Keeley's  system  can 
be  worked,  this  will  be  overcome  ;  and  if  his  system  will  work  between 
terminal  offices,  any^way  office  can  be  worked  as  described. 

Mr.  J.  Kennedy  asked  to   what  extent   was   the  quadruplex  system  Mr.   Kennedy, 
employed  on  the  Canadian  Pacific  Telegraph  ? 

Mr.  Camp,  in  reply,  stated  that  their  quadruplex  circuits  were  as  Mr.  camp, 
follows : — 

Canso,  N.  S.,  and  St.  John,  N.B 375  miles. 

St.  John,  N.B.,  and  Montreal 485    " 

Montreal  and  Albany,  N.Y 350    " 

Montreal  and  Toronto 350    " 

Toronto  and  Buffalo 180    " 

Montreal  and  Ottawa 125    " 

Montreal  and  Sudbury,  Ont 450    " 

Port  Arthur  and  Winnipeg,  Man 430    " 

Winnipeg  and  Swift  Current,  N.W.T 515    " 

Donald  and  Vancouver 450    " 


262         Discussion  on  Developments  in  Telegraphy. 

Besides  these  they  had  a  Dumber  of  duplex  circuits,  the  principal 
ones  being  Montreal  and  Chicago,  Montreal  and  Winnipeg,  and  Winni- 
peg and  Vancouver. 

At  St.  John,  N.B.,  the  two  quadruplexes  were  connected  by  automatic 
repeaters,  and  at  Montreal  one-half  of  the  same  was  connected  with  a 
duplex  to  New  York,  thus  practically  giving  New  York  a  double  cir- 
cuit to  Canso,  and  Montreal  a  double  circuit  to  the  same  place.  In 
other  words,  both  New  York  and  Montreal  could  work  duplex  with 
Canso  at  the  same  on  the  one  wire  east  of  Montreal.  On  the  Ottawa 
circuit  a  single  Morse  wire  to  Deseronto  is  connected  at  Ottawa  on  one 
half,  and  the  other  half  used  for  local  business  between  Ottawa  and 
Montreal. 

One  half  of  the  Montreal-Sudbury  and  Port  Arthur- Winnipeg 
"  quads  "  is  connected  by  a  duplex,  giving  a  double  circuit  to  Montreal 
and  Winnipeg.  The  second  half  of  the  Sudbury  set  is  connected  to  I 
single  Morse  wire  to  SaultSte.  Marie,  Michigan,  and  the  second  half 
Port  Arthur  and  Winnipeg  is  used  for  local  business  between  those 
points. 

The  circuits  between  Winnipeg  and  Vancouver  are  more  complicated. 
One  half  of  the  Winnipeg  Swift  Current  quadruplex  is  connected  at 
Swift  Current  with  a  duplex  to  Great  Falls,  Montana,  the  other  half 
with  a  duplex  to  Donald,  B.C.,  where  it  is  connected  with  one  side  of 
the  quadruplex  to  Vancouver.  A  duplex  is  worked  from  Winnipeg  to 
Donald  (with  automatic  repeaters)  and  there  connected  with  the  other 
half  of  the  quadruplex  to  Vancouver.  Winnipeg  thus  worked  two 
double  circuits  to  Vancouver  and  a  double  circuit  to  Great  Falls,  Mon- 
tana, employing  two  wires  as  far  as  Donald  and  but  one  from  there  to 
Vancouver.  Some  of  the  "quads"  are  only  used  in  cases  of  emer- 
gency, such  as  extra  press  of  business,  or  when  some  of  the  wires  are 
interrupted.  The  quadruplex  is  worked  from  Vancouver  to  San  Fran- 
cisco, about  1130  miles,  with  automatic  repeaters  at  Portland,  Oregon 
and  Ashland,  Cal. 

The  Great  North-Western  Co.,  the  speaker  believes,  has  the  following 
quadruplex  circuits : — Montreal  and  Quebec,  Montreal  and  Ottawa, 
Montreal  and  Toronto,  Toronto  and  Detroit;  he  thinks  this  is  the  extent 
to  which  quadruplex  is  used  in  Canada  besides  the  cable  system  between 
Sydney,  C.B.,  and  New  York. 

The  Canadian  Pacific  Telegraph  Co.  works  duplex  nightly  between 
New  York  and  Winnipeg,  and  very  frequently  from  New  York  to  Van- 
couver or  San  Francisco.     Intermediate  or  way  offices  cannot  work 
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Pj  >n  these  circuits,  the  offices  which  can  do  so,  except  the  terminals,  are 
where  theautomati  ■  repeaters  are  placed, — for  instance,  St.  John,  N.B., 
Ban  work  on  the  Montreal-Canso  system. 
In  the  United  States  between  such  places  as  New  York  and  Boston 

01  and  New  York  and  Chicago,  the  quadruplcx  is  very  largely  used,  there 

|r  being  sometimes  as  many  as  ten  or  more  quadruples   sets  between  two 

*  cities. 

i 
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CORRESPONDENCE. 

Mr.  Giebome.  3lr#  ]?  jj.  Grisborne  regretted  being  unable  to  be  present  at  the  j 
discussion  of  Mr.  Keeley's  paper  on  the  multiplex  telegraph.  It  is,  in  I 
his  opinion,  novel  but  practical,  and  may  finally  be  adopted  in  preference  j 
to  quadruplex  or  any  present  form  of  multiplex  apparatus. 

Mr.  Pope.  3jr    j}_  Pope  Said  Mr.  Keeley's  paper  sums  up  very  fairly  the  good 

and  bad  points  of  various  systems  of  telegraphy  now  in  actual  use  ;  his-  j 
proposed  plan  is  most  ingenious,  and  when  fully  developed  will  no  doubt 
be  an  advance  on  the  present  multiplex  systems.     It  certainly  will  be  if  \ 
it  can  be  made  available  for  a  "  way  "    wire,  but  in  that  direction  the  J 
"way  agent"  is  an  unknown  quantity  which  has    to  be   taken  into 
account,  for  the  necessary  skill  to  handle  the  instruments  to  be  used  is 
seldom  found  even  in  the  larger  ''way  "  offices. 

Mr.  Keeley  has  noticed  the  difficulty  of  harmonizing  the  automatic 
reversals  of  current  with  the  free  motions  of  the  operators'  keys,  and  he 
applies  a  remedy  which  seems  to  be  insufficient  to  prevent  such  a  muti- 
lation of  signals  as  would  be  found  destructive  to  proper  work.  It  may 
be  found  necessary  to  give  the  operators  a  key  system  by  which  their 
signals  will  all  be  taken  up  and  transmitted  into  the  line  automatically 
to  suit  the  automatic  reversals.  In  actual  working  it  is  doubtful  if  any 
reduction  can  be  made  in  the  size  of  the  earth  plates,  as  Mr.  Keeley  cal- 
culates on.  The  wire  will  require  to  be  thoroughly  cleared  after 
each  signal,  as  in  the  systems  now  used. 

Mr.  Bott.  Mr.  H.  Bott  said  in  the  Delaney  system  one  objection  is,  that  during 

the  passage  of  the  brush  over  the  ground  plates  the  line  is  idle  and  its 
theoretical  capacity  not  fully  utilized.  In  the  "  interchangeable  way 
wire  multiplex  "  system,  although  the  receiving  apparatus  is  not  suscep- 
tible to  the  influence  of  the  preceding  circuit,  still  the  brush  will  have 
the  same  function  to  perform,  the  wire  remaining  idle  during  its  con- 
tact with  the  ground  plate,  as  in  the  Delaney  system.  Will  the  capacity 
not  utilized  in  that  system  be  gained  in  this  ?  May  not  the  induction 
from  other  parallel  lines  make  it  a  very  difficult  matter  to  adjust  so 
as  to  neutralize  the  effect  of  the  induced  current  ? 

According  to  the  theory  advanced  by  Mr.  Keeley,  his  system  seems 
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to  overcome  one  of  the  disadvantages  of  the  other  multiplex  systems  in 
use,  in  that  it  allows  way  offices  to  work  by  providing  a  separate  circuit 
for  them,  instead  of  as  now  leaving  the  wire  idle  between  the  two  ter- 
minal points. 

Mr.  A.  A.  Dion  said  Mr.  Keeley  had  dealt  so  thoroughly  with  the  Mr.  Dion, 
subject  in  his  paper  that  there  is  little  to  be  said,  except  to  endorse  in  a 
general  way  his  statements  as  to  the  important  part  the  "  multiple  " 
principle  i«s  destined  to  play  in  the  telegraphy  0/  the  future,  and  to 
congratulate  him  on  his  discovery  of  the  means  to  extend  its  present 
application  and  usefulness. 

To  those  who  have  given  attention  to  the  subject  of  telegraphy,  the 
beauties  and  advantages  of  the  "Simple  Morse  circuit"  and  the  many 
difficulties  attending  the  operation  of  "  Automatic  "  or  "  Complex 
Circuit "  systems,  are  so  evident,  that  any  invention  tending  to  increase 
the  capacity  of  the  line  wire,  while  retaining  the  many  excellent  features 
of  the  pioneer  system,  should  receive  a  hearty  welcome.  In  none  of  the 
various  systems  now  in  the  field  have  those  features  been  preserved.  The 
nearest  approach  to  the  realization  of  the  desired  conditions  is  found  in 
the  "Synchronous  Multiplex "  systems  based  on  the  following  estab- 
lished fact,  viz.  : — 

If  a  number  of  electro- magnets  are  successively  put  in  circuit,  each 
for  a  fraction  of  a  second,  with  a  line  wire  carrying  a  current  of 
electricity,  and  if  the  operation  is  repeated  with  sufficient  frequency, 
the  effect  on  each  electro-magnet  will  be  practically  the  same  as  if  it 
had  been  constantly  in  circuit  with  the  wire,  and  a  continuous,  instead 
of  a  pulsating,  current  had  passed  through  it.  The  writer  is  of  opin- 
ion that  Mr.  Keeley  is  justified  in  the  assumption,  that  the  line  of  fur- 
ther improvement  in  telegraphy  lies  in  the  full  utilization  of  the  line 
wire  in  the  manner  above  stated. 

Among  the  desirable  features  of  the  "  Simple  Morse  Circuit "  partly 
realized  in  the  "  Multiplex "  systems  is  the  possibility  of  extending 
their  advantages  to  "  way  "  offices,  a  matter  of  considerable  importance 
in  many  ways.  It  may,  however,  be  a  costly  privilege,  or  it  may  be 
obtained  at  the  price  of  so  much  inconvenience  as  to  make  it  undesir- 
able. The  writer  knows  of  a  multiplex  system  where  this  may  be 
done  by  providing  at  every  office  a  battery  capable  of  operating  the 
whole  line.  When  one  station  is  sending,  the  batteries  of  all  other 
stations  are  idle  as  far  as  that  particular  circuit  is  concerned.  This 
is  the  principle  of  the  English  open  circuit  system  which  does  not  seem 
suitable  for  this  continent.     It  never  found  favour  in  America. 
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Whenever  the  "Simple  Morse  Circuit"  is  mentioned  herein,  the 
American  or  closed  circuit  system  is  meant,  which  permits  way-offices 
to  be  opened  anywhere  or  closed  without  much  trouble  or  expense. 
In  that  particular  as  well  as  in  many  others,  the  system  under  discus- 
sion would  seem  to  be  the  only  one  possessing  the  facility  of  operation 
and  the  flexibility  of  the  "  American  Morse  "  just  mentioned.  That 
alone  would  entitle  it  to  the  serious  consideration  of  telegraph  engineers 
and  electricians.  But  its  aims  are  higher  still.  It  claims  to  increase 
by  fifty  per  cent,  the  number  of  circuits  heretofore  obtainable  in  prac- 
tice, and  to  treble  the  distance  over  which  a  wire  has  been  so  utilized. 

The  way  in  which  this  is  accomplished  by  the  combination  of  an 
induction  coil  with  a  polarized  relay,  so  as  to  make  the  latter  responsive  to 
single  pulsations  of  current  of  ?|7  of  a  second  duration,  is  ingenious  and 
original.  The  property  the  armature  has  of  remaining  on  its  contact, 
after  being  once  attracted,  until  forced  back  by  a  pulsation  of  opposite 
direction  to  that  which  produced  the  attraction,  making  it  unnecessary 
to  make  contact  between  the  line  and  any  one  set  of  apparatus  oftener 
than  once  every  -2\  of  a  second,  etc. 

To  many  persons  who  have  not  followed  very  closely  the  later  devel- 
opments in  the  applications  of  electricity,  the  matter  of  synchronism 
suggests  serious  difficulties  ;  but  the  problem  having  been  solved  very 
efficiently  in  other  "  Multiplex  "  systems,  there  is  no  reason  to  anticipate 
any  trouble  in  this  case,  as  Mr.  Keeley  proceeded  upon  the  same  lines 
as  his  predecessors.  The  claims  of  the  inventor  are  based  on  well 
known  laws  of  electro-magnetism,  and  the  writer  thinks  that  the  "  In- 
terchangeable Way-Wire  Multiplex  "  is  a  healthy  and  promising  infant, 
and  that  if  all  cannot  feel  enthusiastic  about  it,  they  can  at  least  wish 
it  success  and  watch  its  practical  application  with  the  attention  it 
merits. 

Mr.  Keeley  may  not  care  to  let  us  further  into  his  confidence  ; 
but,  in  the  hope  of  obtaining  more  light,  the  writer  ventures  to  ask 
the  following  questions,  which  need  not  be  answered  if  the  information 
asked  for  is  not  yet  ripe  for  the  public  : 

1st.  The  keys,  corresponding  to  any  one  circuit,  being  closed  at  all 
offices,  the  circuit  not  being  used,  the  +  and  —  pulsations  will  occur 
alternately  every  -^  second.  Will  not  the  armatures  of  the  polarized 
relays  vibrate  between  their  contact  points  in  unison  with  the  alter- 
ations of  current  in  the  line,  sounding  a  series  of  dots ;  and  if  not,  how 
are  they  prevented  from  doing  so  ? 

2nd.  How  many  series  of  contact  plates  is  it  proposed  to  have  in 
the  circle  ?  In  other  words,  what  will  be  the  rotary  speed  of  the 
brush  ? 
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3rd.  It  is  not  stated  that  a  second  wire  is  used  to  carry  current  to 
operate  the  motors.  If  the  line  currents  are  used  for  that  purpose 
would  the  synchronism  be  affected  if,  perchance,  all  the  keys  in  one 
-ration  were  depressed  ?  Or  is  there  a  special  circuit  (without  a  key) 
including  the  motor?  In  that  case  the  current  through  the  motor 
would  consist  of  alternate  +  and  —  pulsations  of  33a  second  duration, 
with  intervals  of  (-3V  —  sh  =  )  -h  second  between  them,  and  the 
motors  must  be  constructed  so  as  to  respond  to  those  detached  pulsa- 
tions.    Is  that  the  case  ? 

Mr.  George  Black  said  that  he  considered  the  review  of  the  various  Mr.  Black, 
-ystems  of  telegraphy,  introductory  to  the  new  system  described,  as 
very  clearly  presented  and  their  value  not  under-estimated.  The 
''Interchangeable  Way-wire  Multiplex  "  is,  in  his  opinion,  correct  in 
principle,  and  the  difficulties  which  may  possibly  be  encountered  in 
praotice  will  no  doubt  be  easily  overcome. 

Mr.  Keeley  said  he  had  now  prepared  diagrams,  Plates  I  and  II, Mr-  Keeler 
to  illustrate  his  subject.  The  absence  of  these  at  the  time  the  paper 
was  read  and  the  necessarily  brief  description  of  the  Way  Wire 
Multiplex,  given  in  the  concluding  part  of  his  paper,  left  room,  it 
appeared,  for  some  misconception  of  his  ideas.  This,  however,  he 
believed  he  would  now  be  able  to  satisfactorily  clear  away. 

Taking  up  the  questionable  points  as  they  had  been  presented,  Mr. 
Pope's  objection  as  to  the  doubtful  skill  of  the  average  way  office 
operator  to  handle  the  instruments  was  well  taken.  The  speaker  was 
himself  well  acquainted  with  that  feature  of  the  business,  and  has  in 
his  plans  provided  for  it  by  rendering  the  operations  of  the  circuits 
independent  of  any  local  disarrangement  of  the  apparatus.  In  the 
present  everyday  experience  on  a  single  Morse  line,  there  are  instances 
when  the  instrument  at  a  given  office  on  a  way  line  is  disarranged 
— "not  adjusted."  That  office  is  practically  inoperative  for  the 
time  being;  but  it  does  not  interfere  with  the  exchange  of  signals 
between  other  offices  on  the  same  line.  As  the  system  proposed  does 
not  pretend  to  excel  the  regular  Morse  circuit  in  its  characteristics,  but 
rather  to  preserve  them  all  intact,  the  writer  has  faith  in  the  skill  of 
the  average  way-office  operator  being  found  equal  to  the  occasion, 
for  all  that  is  required  of  him.  Mr.  Pope  notiedd  an  apparent 
difficulty  in  obtaining  a  correspondence  of  the  key  movements  with 
the  regular  alternations  of  main  line  current  in  the  act  of  transmis- 
sion.    If  it  had  been  practicable  to  furnish  in  the  paper  the  details 
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with  reference  to  that  feature,  which  the  writer  was  unable  to  submit 
this  objection  might  not  have  been  advanced.  It  would  be  seen  pre- 
sently bow  he  had  arranged  for  it ;  but  supposing  he  were  wrong  and 
Mr.  Pope  right,  it  would  be  quite  practicable  to  dispense  altogether 
with  the  semi  automatic  function  of  the  transmitter,  and  operate  the 
eircuits  directly,  provided  that  the  main  current  alternations  were 
increased  sufficiently  to  furnish  both  phases  of  current  during  each 
position  of  the  key.  This  would  of  course,  on  the  basis  of  40  words 
per  minute,  reduce  the  number  of  signalling  circuits  one-half ;  but  even 
allowing  that  the  number  would  be  5  on  a  300  mile  line,  and  11  on 
a  100  mile  line,  adaptable  to  way  stations;  whereas,  with  Dehmey's 
system,  the  best  of  those  heretofore  introduced,  6  circuits  on  a  100  mile 
line  limited  to  terminals,  is  all  that  can  be  obtained.  The  next  and 
last  point  advanced  by  Mr.  Pope  is  the  supposed  necessity  for  effecting 
a  complete  discharge  of  the  line  between  the  successive  circuit.-. 
This  was  due  to  a  misconception.  The  explanation  of  this  feature 
given  in  the  paper  was  necessarily  meagre.  There  is  this  difference 
between  the  writer's  method  of  signalling  and  that  of  previous  method.-. 
Take  five  successive  circuits  in  Delaney  and  Calahan's  first  form  of 
the  Synchronous  Multiplex,  or  in  Lieut.  Patten's  system  ;  let  1,  3  and  5 
be  closed,  and  2  and  4  open.     The  line  has  to  be  traversed  by  currents 

successively  as  follows  ..  9  q  4  r;  •  Unless  a  +  current  is  obliter- 
ated, the  succeeding  —  is  ineffectual ;  and  unless  the  —  current,  in  its 
turn,  is  obliterated,  the  succeeding  +  will  not  be  effectual.  Now,  taking 
the  same  circuits  according  to  the  writer's  method,  the  line  would  be  tra- 
versed by  i     9    o    4    k   and,  after  a  discharge,  by  ,     9    ~  Tr's'1106 

the  +  and  —  phases,  in  series,  take  turn  about.  The  narrow  earth 
segments  introduced  between  the  succeeding  line  plates  prevent  an 
accumulation  of  the  charge  in  the  line  which  would  occur  when 
several  successive  circuits  were  closed.     For  instance,  without  them,  it 

might  be  (graphically)    19045       m  this  case  the  tailing  of 

the  charge   from  3  would  operate  in  4,  which  should  otherwise  be 

unaffected.     With  the  segments,  the  charge  would  be  ..     9     q    a    t  , 

in  this  case  the  charge  is  kept  down,  so  there  is  a  very  slight  tailing 
into  4.  In  Delaney's  (improved)  system,  that  dealt  with  in  this  paper, 
the  latter  condition,  if  narrow  segments  are  used,  would  obtain ;  and 
as  the  receivers  are  worked  on  intermittent  currents,  it  is  necessary  to 
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obviate  even  the  slight  tailing  (by  putting  in  wide  segments),  in  order 
to  allow  the  armature  to  fall  away.  According  to  the  writer's  arrange- 
ment, the  receiver  is  positive  in  action,  moved  one  way  by  a.  full  + 
and  the  other  way  by  afull  —  pulsation  ;  and  in  it  a  +  pulsation  never 
occurs  at  the  same  time  as  a  —  tailing,  or  a  —  pulsation  concurrently 
with  a  +  tailing,  in  consequence  of  the  -f  and  —  phases  being  in 
series  ;  so  the  slight  tailing  (which  is  always  of  the  same  sign  as  the 
current  following  upon  it)  from  one  circuit  into  the  other  is  wholly 
ineffectual. 

In  reply  to  the  remarks  of  Mr.  Bott,  in  Delaney's  system  the 
discharge  plates  are  uniform  in  size  with  the  signalling  plates,  whereby 
50  per  cent,  of  the  line-time  is  lost.  Again,  in  that  system,  34 
contacts  per  second  are  required  to  accommodate  the  sending 
operator's  manipulation.  In  the  Way  Wire  Multiplex  system,  on  the 
other  hand,  only  very  narrow  segment3  are  required  between  the  signal- 
ling plates,  for  the  purpose  explained  in  the  reply  to  Mr.  Pope's  objec- 
tion ;  and  only  24  contacts  per  second  are  required  for  the  operator's 
accommodation.  It  must  therefore  be  very  clear  that  the  signalling 
capacity  of  the  line  will  be  utilized  to  a  far  greater  extent  in  the 
latter  than  in  the  former,  in  fact,  to  its  greatest  extent,  both  theoreti- 
cally and  practically.  As  regards  the  interference  from  induction 
from  neighbouring  lines,  there  could  be  none,  for  the  reason  that  the 
receivers  proper  are  in  local  circuits  and  actuated  through  the  medium 
of  induction  coils,  whose  currents  are  ineffectual  excepting  when 
occasioned  by  a  full  pulsation  of  the  main  line  current.  A  careful 
perusal  of  what  is  stated  in  the  paper  with  reference  to  quadruplex 
circuits  will  show  that  this  matter  of  induction  has  not  been  disre- 
garded in  the  devising  of  the  speaker's  new  system.  It  was  no  doubt 
in  consequence  of  Mr.  Bott's  experience  with  that  class  of  multiple 
circuit  systems  that  he  suggested  the  possible  difficulty  of  interference. 

The  remarks  of  Mr.  A.  A.  Dion  are  fully  answered  in  the  explana- 
tory notes  accompanying  the  diagrams,  Plates  VIII  and  IX.  The  relay 
levers  do  vibrate  in  response  to  the  current  alternations.  There  could  be 
no  objection  to  this,  however,  because  it  need  only  occur,  so  far  as  the 
sounders- are  concerned,  on  one  or  more  of  the  circuits  that  may  be  set 
apart  for  calling  purposes.  The  moment  actual  transmission  begins> 
the  circuit  is  under  control  of  the  key,  and  the  continuous  vibration  can- 
not then  occur.  The  other  two  questions,  as  to  the  number  of  signalling 
plates  and  speed  of  rotation  of  the  line  brush,  are  answered  in  the  dia- 
gram, Plate  I ;  they  are  there  set  down  as  8  series,  with  3  revolutions 
of  the  brush.     Obviously  it  might  be  4  series  with  6  revolutions,  or 
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any  other  modification  resulting  in  24  alternations  per  second ;  but  it 
is  more  convenient  to  obtain  perfect  synchronism  with  comparatively 
low  speed,  and  3  revolutions  per  second  is  calculated  to  afford  the  best 
results.  Mr.  Dion  was  mistaken  in  supposing  that  the  intention  was 
to  operate  the  motors  directly  by  the  main  currents,  by  pulsations 
recurring  every  2¥  of  a  second.  As  indicated  in  Plate  II,  two  circuits 
are  set  apart  for  the  operation  of  the  motors,  by  means  of  receiving 
relays  actuated  in  the  same  way  as  those  for  signalling.  These  relays 
are  not  connected  to  all  of  the  series,  and  are  only  brought  into  opera- 
tion at  every  half  revolution  ;  the  one  overlaps  the  other  in  the  matter 
of  closing  and  opening  by  the  length  of  one  series  of  contacts.  Each 
is  therefore  actuated  for  (I  +  ^V)  a  trifle  over  I  second,  so  there  is 
nothing  at   all  delicate  about  it. 

Exception  has  been  taken  to  that  paragraph  on  page  256  in  the 
paper  which  reads  : — 

"  Now,  having  an  economical  method  of  signalling  and  the  requisite 
apparatus  therefor,  it  is  only  necessary  to  associate  it  with  means  for  trans- 
ferring the  line  wire  from  one  set  of  instruments  to  another  simultaneously, 
at  as  many  stations  as  desirable  on  a  line,  in  order  to  produce  a  multiplicity 
of  signalling  circuits." 

As  he  regarded  it,  this  paragraph,  read  in  a  general  way,  bears  a 
liberal  interpretation  such  as  was  intended,  and  there  is  nothing  extra- 
vagant in  its  composition  ;  but  he  was  told  that  one  might  just  as  well 
argue  in  the  following  strain  : — 

"  Now  that  we  have  a  horse  that  has  run  one  mile  in  three  minutes,  and 
a  car  capable  of  holding  fifty  passengers,  all  we  have  to  do  is  to  attach  the 
horse  to  the  car  and  carry  the  passengers  ^at  the  rate  of  twenty  miles  an 
hour." 

Of  course,  this  latter  argument  is  preposterous;  and  in  looking  for 
the  analogy  that  is  assumed  to  exist  between  it  and  the  one  quoted 
from  his  paper,  the  writer  finds  that  the  latter  has  been  construed  as 
disregarding  the  element  of  counter-electromotive  force  that  is  intro- 
duced into  circuit  by  the  exclusion  of  way  circuit  apparatus.  He  has 
therefore  to  explain  that  this  possible  impediment  to  the  practicable 
operation  of  an  unreasonable  number  of  way  offices  in  any  one  circuit 
has  not  been  overlooked.  In  the^paragraph  alluded  to,  the  expression 
is  "at  as  many  stations  as  desirable."  As  is  known  in  practice  it  is 
very  rarely  that  more  than  two  or  three  offices  are  simultaneously  hand- 
ling the  same  despatch,  so  it  would  be  idle  to  have  apparatus  included 
in  circuit  where  there  in  no  occasion  for  it.  His  idea  is  to  have  on  a 
line  of  15  or  20  stations  a  system   of  multiple  circuits,  one  or  more  of 
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which  are  set  apart  exclusively  for  calling  purposes.  All  of  the  offices 
are  included  in  these  circuits, — some  in  one,  some  in  another,  as  will  be 
found  most  convenient.  When  the  operator  at  a  given  office  has  an- 
swered his  call,  he  switches  his  signalling  apparatus  into  one  of  the 
other  circuits  designated  by,  or  predetermined  for,  the  office  that  has 
called  him.  In  this  way  the  circuits  can  be  utilized  to  the  best  advan- 
tage. As  for  the  multiplicity  of  offices  on  the  calling  circuits,  the 
counter  E.  M.  F.  presented  by  their  apparatus  need  not  be  taken 
into  account,  for  its  deleterious  effect  consists  in  hampering  the  rapid 
transmission  of  signals,  and  on  calling  circuits  speedy  signalling  is  not 
at  all  requisite.  He  must  here  emphasize  the  fact  that  in  designing 
this  system,  he  has  been  guided  by  thoroughly  practical  considerations 
throughout.  He  could  now  perhaps  to  some  advantage  present  a  fur- 
ther and  fuller  explanation  as  to  the  operation  of  the  system,  having 
reference  to  the  drawings  Plates  I  and  II. 

It  will  be  understood,  in  view  of  the  descriptions  already  given  in 
the  paper,  that  the  conditions  for  operation  comprehended  24  reversals 
of  current,  that  is  12  +  and  12  —  alternations  per  second.  And  as  it 
was  shown  that  this  provision  is  necessary  for  the  transmission  of 
signals  at  the  fastest  practicable  rate  of  Morse  transmission,  and  since 
the  downward  movements  of  the  key  are  reproduced  by  the  currents  of 
one  polarity,  and  the  upward  movements  by  the  currents  of  opposite 
polarity,  it  is  obvious  that  the  key  movements  must  be  brought  into 
correspondence  with  the  regularly  alternating  pulsations. 

The  means  whereby  this  correspondence  is  effected  is  shown  in  Plate  I. 

In  the  act  of  transmission  the  opening  of  the  switch  S  corresponds 
to  an  upward  movement  of  the  key  K ;  this,  as  already  explained,  allows 
a  —  phase  of  the  main  current  to  pass,  and  interrupts  the  4-  phase.  The 
relay  R  responds  to  the  —  phase,  and  the  lever  1  rests  on  the  back  stop 
b.  If  now  the  key  K  is  closed,  the  lever  Tr  of  the  transmitter  will  be 
drawn  down,  and  a  circuit,  independent  of  the  key  K,  will  be  closed 
through  the  magnet  Tm,  by  the  lever  Tr,  its  lower  stop,  the  dotted 
lines  battery  Tb  and  the  lever  1  and  back  stop  b  of  the  relay.  So,  if 
the  key  is  now  upraised,  the  transmitter  lever  will  remain  depressed. 
In  this  position  it  affords  a  path  for  the  +  pulsations  of  current.  The 
first  +  pulsation  passing  through  it  will  actuate  the  lever  1  of  the  relay, 
and  carry  it  from  the  back  stop  b  to  the  front  stop  f,  where  it  will  close 
the  circuit  of  the  sounder  So.  The  instant  the  lever  1  leaves  its  back 
stop  b,  the  transmitter  lever  will  be  released  and  upraised. 

As  this  effect  is  produced   within  a  quarter    of  a   second  of  the 
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upraising  of  the  key,  and  as  it  is  physically  impossible  for  the  manipula- 
tor to  depress  the  key  again  within  that  brief  space  of  time,  it  is  clear 
that  the  uprising  cannot  be  prevented  by  any  subsequent  depression  of 
the  key. 

But  in  order  that  the  uprisal  of  the  lever  Tr  may  be  effectual,  it 
must  remain  undisturbed  for  a  brief  space  (not  exceeding  ^  sec.)  to 
allow  the  next  —  phase  of  the  current  to  pass. 

It  is  therefore  necessary  to  obviate  the  possibility  of  a  downward 
movement  of  the  key  during  that  period  affecting  the  position  of  the 
transmitter  lever.  A  further  inspection  of  the  circuits  will  show  how 
this  is  done. 

If,  at  the  moment  the  lever  1  of  the  relay  R,  is  brought  against  its 
front  stop  f,  the  key  K  is  open,  a  circuit  is  formed  by  the  contacts  1, 
f,  including  the  batteries  Tb  Sb  and  the  sounder  So.  If,  now,  the  key 
K  is  depressed,  the  lever  Tr  of  the  transmitter  will  be  unaffected, 
because  the  battery  Sb  is  in  shunt  with  Tb,  and  its  current  through 
the  magnet  Tm  is  opposed  to  that  of  Tb,  and  renders  the  power  of  the 
latter  inadequate  to  pull  down  the  lever  Tr.  The  instant,  however,  that 
a —  pulsation  passes  to  line,  the  lever  1  of  the  relay  R  is  carried  away 
from  the  stop  f;  the  disconnection  opens  the  circuit  described  through 
So,  the  current  of  Sb  is  withdrawn,  and  that  of  Tb  alone  operates  by 
way  of  the  key  K  through  Tm,  and  the  transmitter  lever  is  pulled 
down.  This  action  all  occurs  within  £i  of  a  second  of  the  key  movement. 

As  each  movement  of  the  key  occupies  no  less  than  ^  of  a  second, 
and  the  reversals  of  current  occur  with  that  frequency,  the  key  cannot 
act  faster  than  the  currents. 

^Yhen  it  happens  that  the  downward  and  upward  movements  of  the 
key  are  respectively  concurrent  with  the  +  and  —  phases  of  current,  the 
lever  1  of  the  relay  in  responding  will  not  interfere  with  the  position  of 
the  transmitter  lever  Tr,  because  the  balance  of  current  obtaining  when 
Tb  is  opposed  by  Sb  (though  inadequate  to  draw  it  down  when 
upraised)  is  sufficient  to  hold  it  in  position  after  it  has  been  depressed 
by  the  action  of  Tb  alone  in  circuit  with  the  key. 

Each  upward  and  downward  movement  of  the  key  is  therefore  faith- 
fully reproduced  in  the  main  circuit.  The  lever  1  of  the  relay  E 
follows  the  movements  of  the  key  as  shown  ;  and  the  same  currents 
that  affect  the  relay  E  affect  every  other  relay  that  is  included  in  its 
circuit. 

In  further  explanation  of  the  brief  description  given  on  Plate  II 
it  should  be  pointed  out  that  the  synchronous  motors  are  purely  local 
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in  action,  though  controlled  by  the  train  line  receivers  Ka  Rb.  In 
consequence  of  this,  the  main  circuit  is  quite-  independent  of  the  way 
-tntion  conditions,  because  normally  all  of  the  circuits  are  connected 
•'  through  ;  "  and  if  the  apparatus  at  a  way  station  gets  out  of  adjust- 
ment, the  entire  plant  presents  as  it  were  a  unit  of  conductivity  in  the 
circuit,  permitting  the  uninterrupted  passage  of  the  regularly  recurring 
currents  between  the  terminal  stations.  On  the  other  hand,  when  the 
way  station  apparatus  is  in  proper  working  order,  each  of  the  multiple 
■ircuit-  presents  the  characteristics  of  a  single  Morse  line  ;a  any  one  or 
more  of  which  can  be  grounded  without  interfering  with  the  other  cir- 
cuits. In  th  ■  diagram  the  ground  switches  E  at  the  way  office  indicate 
how  this  is  done.  Of  course  in  such  a  case  the  circuit  is  operated  by 
the  currents  emanating  from  oae  end  alone,  as  in  a  regular  Morse  line. 

In  the  actual  arrangement  of  the  way  office  circuits,  spring  jack 
switches  are  provided  for  the  ready  introduction  of  the  signalling 
apparatus  iuto  circuit,  or  on  either  side  of  an  inserted  ground  wire  in 
any  circuit. 

With  this  further  explanation  the  writer  thinks  he  has  about  covered 
the  ground,  and  believes  he  has  amply  justified  the  high  opinion  of  his 
new  muhiplex  system  which  has  been  expressed  by  the  general  super- 
intendent of  the  Government  telegraphs,  Mr.  F.  N.  Gisborne. 

It  is  also  satisfactory  to  have  such  a  favourable  expression  of  opinion 
regarding  his  proposed  system  from  Mr.  Camp,  who,  from  his  wide 
experience  as  electrician  to  the  Canadian  Pacific  Telegraph  Co.,  is 
thoroughly  cognizant  of  the  requirements  of  the  general  telegraph 
service.  The  information  Mr.  Camp  has  given  affords  a  good  idea 
of  the  extent  to  which  the  quadruplex  systems  of  multiple  circuit 
telegraphy  are  now  in  use,  though  their  operation  is  confined  to  terminal 
stations,  and  this  argues  the  existence  of  an  increasingly  wide  field  of 
application  for  a  system  of  the  kind  dealt  with  in  the  paper,  which, 
while  affording  a  larger  number  of  circuits  than  is  obtainable  by  the 
methods  of  quadruplex  construction,  is  adaptable  for  the  accommo- 
dation of  intermediate  and  terminal  stations. 


Thursday,  23rd  October. 
JOHN  KENNEDY,  Vice-President,  in  the  Chair. 

The  discussion  of  Mr.  D.  H.  Keeley's  paper  on  "  Developments  in 
Telegraphy,  etc.,"  occupied  the  evening. 


Thursday,  6th  November. 
E.  P.  HANNAFORD,  Vice-President,  in  the  Chair. 
JPajfer  JYo.  45. 

THE  ERRORS  OF  LEVELS  AND  LEVELLING. 
By  Prop.  C.  H.  McLeod,  Ma.  E.,  M.  Can.  Soc.  C.E. 

PART  I. — THE  DEFECTS  OP  LEVELS. 

As  is  well  known,  levels  are  manufactured  from  glass  tubes  by  grind- 
ing the  inner  surface  of  the  tube  with  emery  powder  placed  on  an 
arbor  rotating  in  a  lathe,  the  arbor  having  been  previously  turned 
from  a  template  to  the  desired  curvature.  The  tube  should  be 
slowly  turned  about  its  axis,  so  as  to  present  the  whole  of  its  inner  sur  - 
face  to  the  arbor,  giving  when  the  grinding  is  completed  a  similar  inter- 
nal section  for  all  planes  through  the  axis  of  the  cylinder.  The  sur- 
face intended  to  be  uppermost  should  then  be  brought  to  the  highest 
possible  degree  of  polish.  This  completed,  the  ends  are  temporarily 
plugged  and  the  tube  filled  with  liquid.  The  level  is  then  tested  on  a 
trier,  and  if  the  curvature  proves  to  be  uniform  the  ends  are  hermet- 
ically sealed  and  the  centre  line  of  the  upper  surface  graduated  in 
equally  distant  divisions. 

The  levels  used  on  the  ordinary  engineering  instruments  can  be 
made  with  sufficient  accuracy  by  this  method.  In  the  practice  of  one 
of  the  best  American  makers,  all  levels  of  less  delicacy  than  5"  per 
division  of  2  mm.  are  machine  made,  in  this  manner.  For  levels 
having  a  scale  value  of  from  1"  to  5",  such  as  are  used  for  astronomical 
and  geodetic  instruments,  it  is  necessary  to  apply  local  corrections 
after  the  level  is  first  roughed  out  on  the  machine.  As  the  level  must 
be  tested  after  every  correction,  this  is  a  very  tedious  as  well  as  most 
delicate  operation,  and  indeed  not  infrequently  ends  in  failure.  It  is 
very  important  that  the  upper  interior  surface  should  have  the  highest 
possible  polish,*  and  be  entirely  free  from  grains  of  emery  or  other  foreign 
particles.     The  glass  employed  should  be  of  the  hardest  and  least 

*Some  makers  maintain  that  the  highest  polish  dees  not  give  the  best  results,  for  what 
reason  is  not  known  to  the  author. 
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hygroscopic  kind,  in  order  to  avoid  any  deterioration  of  the  accuracy 
of  the  level  through  chemical  action  on  the  glass  by  the  liquid  filling. 
The  tube  should  be  of  uniform  bore  and  thickness.  The  liquid  most 
commonly  employed  for  engineering  levels  is  alcohol.  A  certain  per- 
centage of  ether  is  sometimes  added  to  the  alcohol,  in  order  to  obtain 
greater  fluidity  and  therefore  increased  sensitiveness  in  the  level.  Ether 
of  naphtha  is  also  sometimes  used  for  instruments  of  this  class.  For 
the  highest  class  of  levels  the  filling  liquid  generally  employed  is  sul- 
phuric ether,  with  sometimes  a  small  percentage  of  chloroform. 

Too  little  attention  is  paid  to  the  mounting  of  bubbles.  The  usual 
method  of  enclosing  the  glasses  rigidly  in  a  metal  tube  may  give  rise 
to  such  serious  changes  of  form  in  the  level  as  to  render  it  wholly  unre- 
liable. Some  examples  of  change  of  form  due  to  the  mounting  will  be 
given  hereafter.  Levels  for  "  precise  "  work  of  all  kinds  should  be  con- 
nected with  the  frame  at  only  two  points,  and  should  then  rest  on  some 
yielding  material  such  as  cork  or  sheet  lead,  and  be  held  in  place  by 
light  strips  of  metal ;  the  ends  of  the  tube  abutting  against  a  piece  of 
cork.  The  more  delicate  levels  having  a  scale  value  of  3"  or  under 
require  protection  from  air  currents  or  from  rapid  changes  of  tempera- 
ture, due  to  radiation  from  surrounding  objects,  and  should  be  enclosed 
in  a  glass  tube.  The  ends  of  such  levels  are  chambered — that  is 
there  is  a  diaphragm  cutting  off  from  £  to  1  inch  of  the  end  of  the 
tube,  the  diaphragm  having  a  small  hole  in  it — to  admit  of  adjusting 
the  bubble  to  a  standard  length  under  varying  temperature. 

Having  thus  briefly  reviewed  the  construction  of  levels  we  are  brought 
to  the  object  the  writer  has  in  view, — a  consideration  of  some  of  the 
defects  to  which  levels  are  subject. 

Irregular  Curvature. — This  gives  rise  to  a  shift  in  the  zero  position 
of  the  bubble  with  each  change  in  the  temperature  of  the  liquid,  since 
the  bubble  shortens  or  lengthens  more  towards  one  end  than  the  other 
as  the  liquid  expands  or  contracts.  An  engineer's  level  having  this 
defect  will,  when  placed  in  adjustment  at  any  one  temperature,  not  be 
in  adjustment  for  any  other  temperature.  Where  the  level  is  used  to 
measure  angular  values,  as,  for  example,  the  inclination  of  the  axis  of 
nn  astronomical  transit,  it  is  obvious  that  the  result  will  depend  on  the 
position  of  the  bubble  on  the  scale.  Irregularity  of  curvature  is  unfor- 
tunately a  common  defect  in  engineering  levels,  and  to  it  are  no  doubt 
due  many  of  the  discrepancies  so  often  met  with  in  levelling.  Where 
the  range  in  the  scale  value  is  not  great,  such  an  instrument  may,  with 
proper  precautions,  be  used  on  ordinary  engineering  work,  but  would 
be  quite  inadmissible  for  astronomical  purposes,  where  the  scale  value 
is  the  important  factor. 

c 
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A  level  which  was  made  for  McGill  College  some  years  ago,  to  be 
used  as  a  striding  level  for  a  transit-theodolite,  has  a  scale  value  run- 
ning somewhat  as  follows,  from  end  to  end  : — 12",  37",  34",  22",  20% 
3",  with  a  portion  of  the  ends  flat  or  of  reversed  curvature.  This 
instrument  is  of  course  worthless.  "When  the  fact  is  added  that  its 
maker  has  made  and  can  make  good  levels,  it  will  be  acknowledged 
that  every  level,  no  matter  what  may  be  the  reputation  of  the  maker, 
should  be  subject  to  most  careful  test  before  being  put  into  use. 

Difference  of  sectional  area  of  the  ends  of  the  tube  also  gives  rise  to 
a  shift  in  the  zero,  since  for  a  given  change  of  temperature  the  air  space 
at  one  end  will  be  altered  in  length  to  a  greater  or  less  extent,  according 
as  it  is  towards  the  smaller  or  larger  end  of  the  tube.  Where  the  grind- 
ing tool  has  been  carefully  applied  around  the  whole  circumference,  the 
axes  of  the  grinding  arbor  and  tube  being  maintained  parallel  to  each 
other  during  the  operation,  and  the  tube  is  of  fairly  uniform  diameter, 
the  condition  of  equality  in  the  two  ends  is  most  perfectly  fulfilled. 

Roughness  of  the  upper  interior  surface,  arising  from  imperfect  polish 
or  from  small  particles  of  emery  adhering  to  the  glass,  will  give  results 
which  at  first  sight  closely  resemble  those  arising  from  irregular  curva- 
ture. The  bubble  is  held  back  by  the  rough  particles,  while  the  level 
is  turned  through  a  considerable  angle,  thus  giving  the  appearance  of 
increased  scale  value,  and  when  the  bubble  finally  breaks  away,  it  moves- 
through  several  divisions  of  the  scale  as  if  the  curvature  at  that  point 
were  very  much  flattened  out.  A  level,  which  was  recently  sent  to  the 
writer  for  examination,  gave  a  reasonably  uniform  scale  value  for  long 
runs,  but  when  it  was  examined  more  closely  showed  great  irregularity. 
Two  points  were  found  on  the  tube,  at  which  the  tests  showed  there 
must  be  some  obstruction.  In  one  position  the  bubble  held  through 
a  change  of  inclination  of  6".  Examination  with  a  magnifying 
glass  revealed  very  minute  particles  of  emery  embedded  in  the  glass 
at  each  of  the  points.  After  these  were  removed  the  level  was  found  to 
be  of  very  uniform  scale  value  and  sensitive  at  all  points.  Such  a 
defect  in  an  engineering  level  would  render  good  work  impossible,  and 
would,  in  addition,  be  very  annoying  to  the  observer,  inasmuch  as  it 
would  be  difficult  to  keep  the  bubble  in  the  centre,  unless  indeed  the 
obstruction  happened  to  be  at  one  end  of  the  bubble  when  in  its  central 
position.  The  common  defect  of  sluggishness  and  uncertainty  in  the. 
position  of  rest  is  no  doubt  largely  due  to  a  rough  surface,  though 
doubtless  also  to  some  extent  arising  from  the  character  of  the  liquid 
filling.*  When  there  is  such  roughness  of  surface  the  position  of  rest  of 
*  For  effect  of  length  of  bubble  on  sensitiveness  see  Discussion. 
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the  bubble  is  noticeably  affected  by  the  velocity  with  which  it  movt>. 
When  the  position  of  the  level  is  quickly  altered  the  bubble  over-shoots 
its  mark  and  is  held  beyond  the  proper  resting;  place.  When,  on  the 
other  hand,  the  level  is  very  slowly  moved,  the  bubble  will  not  quite 
reach  its  true  position  of  rest.  In  these  cases  a  slight  tap  on  the  glass 
will  usually  suffice  to  bring  the  bubble  to  its  true  position.  Up  to  a 
few  years  ago  all  the  levels  the  writer  had  met,  of  the  manufacture  of  a 
certain  well-known  London  maker,  had  this  defect.  The  level  of  the 
telescope  of  one  of  the  5  in.  transit  instruments  in  McGill  College,  the 
scale  value  of  which  is  25",  may  be  made  to  take  up  a  position  in  this 
way,  anywhere  within  a  range  of  7",  or  up  to  a  maximum  of  3."5 
from  its  true  position. 

Levels  are  subject  to  change  of  form,  either  from  a  change  in  the 
glass  itself  or  from  the  pressure  due  to  change  of  form  of  the  mounting, 
under  the  influence  of  temperature  or  otherwise.  The  latter  may 
be  guarded  against  by  a  proper  form  of  mounting.  The  former, 
whether  from  permanent  structural  changes  in  the  glass  or  from  tem- 
porary changes  under  varying  temperature,  can  only  be  met  by  an 
investigation  of  each  individual  level.  If  there  be  a  permanent  change 
of  form  there  is  of  course  liability  to  an  irregular  change  of  curvature, 
rendering  the  instrument  worthless  as  an  instrument  of  precision.  The 
only  example  of  this  kind  of  change  which  has  come  under  the  writer's 
notice  is  an  excellent  level  made  by  one  of  the  best  American  maker-. 
It  is  described  by  the  maker  as  made  from  the  best  kind  of  Bohemian 
glass.  It  is  needless  to  state  that  the  possibility  of  any  change  of 
form  is  stoutly  denied  by  the  maker.  Here,  however,  is  the  evi- 
dence in  the  case  : — 

Purchased  in  April,  1883,  and  forwarded  by  the  maker  to  Prof.  W. 
A.  Rogers,  then  of  Harvard  College  Observatory,  for  examination  and 
determination  of  the  scale  value.  The  level  was  placed  in  wyes  attached 
to  the  cube  of  the  meridian  circle  of  Harvard  College  Observatory,  and 
adjusted  so  as  to  be  parallel  to  the  optical  axis  of  the  telescope.  The 
scale  values  were  read  off  on  the  circles  in  a  series  of  seventeen  separate 
determinations,  extending  from  April  6th  to  April  25th.  The  result- 
ing mean  value  of  one  division  was  2."19  ±  0."02. 

The  level  was  then  forwarded  to  Montreal,  and  has  been  in  contin- 
uous use  as  a  striding  level  for  an  astronomical  transit  up  to  date.  It 
has  received  two  severe  jars,  falling  from  the  transit  instrument  to 
the  floor, — first  in  June,  1883,  and  the  second  time  about  one  year 
afterwards.  On  April  1st  and  2nd,  1884,  the  scale  value  was  deter- 
mined on  a  level  trier  in  the  workshops  of  Messrs.  Hearn  &  Harrison, 
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and  gave  a  mean  value,  from  three  sets  of  sixteen  determinations  each, 
of  2".40  with  an  inappreciable  probable  error.  The  value  of  one 
revolution  of  the  screw  on  this  trier  was  measured  by  comparison 
with  an  Elliot  Bros.  ■  l  -th  srau^e,  which  was  itself  verified  bv  com- 

iOOO  c         D     7  •> 

parison  with  a  standard  bar  by  Professor  Rogers. 

During  the  years  1889  and  1890  several  determinations  at  different 
times  and  under  various  conditions  have  been  made  on  a  level  tiier  in 
McGill  College,  the  screw  of  which  has  been  compared  with  the  gauge 
above  referred  to  ;  the  results  of  these  comparisons  are  given  below  : — 


Date 

Temperature 
of  the  air. 

Length  of 
Bubble. 

.Resulting 
Scale  value. 

1889 

Jan.  30th. 

7° 

51  mm. 

2."63 

May  16th. 

62° 

37  mm. 

2.  "48 

July  15th. 

69.  °5 

35  mm. 

2."56 

July  15th. 

69.°5 

54  mm. 

2. "58 

At      52.°0 

Average  value  in  1889  =  2./,'56 

1890 
Feb.  22nd. 

75° 

51  mm. 

2."56 

March  6th. 

15° 

39  mm. 

2."  60 

Sep.  20th. 

65° 
At      52° 

43  mm. 

2."51 

Average  value  in 

1890  =  2. "56 

In  order  to  discover  if  the  change  in  form  was  in  any  way  duj  to 
straining  by  the  frame,  the  glass  tube  was  removed  from  its  frame  and 
binding  screws  immediately  after  the  test  on  Sept.  20th  last,  and  in 
one  hour  was  again  examined  and  gave  the  same  result.  It  was 
again  examined,  forty  hours  after  removal  from  the  frame,  with  the  same 
result.  There  has  undoubtedly  been  a  decided  change  of  form  in  the 
glasSj  and  that,  as  was  to  be  expected  from  the  method  of  mounting, 
without  external  strain.  Fortunately  there  is  no  serious  change  in  the 
uniformity  of  the  curvature.  The  final  form  which  the  glass  now  seems 
to  have  attained  may  have  been  reached  several  years  ago,  but  certainly 
not  within  three  years  after  it  had  left  the  hands  of  the  maker. 
These  results  would  point  to  the  desirability  of  the  finished  levels  being 
kept  in  stock  for  one  or  more  years  by  the  makers,  in  order  to  give 
time  for  any  change  of  form  to  reveal  itself.  Such  inquiry  as  the  writer 
•has  been  able  to  make  has  failed  to  discover  a  maker  who  adopts  this 
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precaution.  It  is  well  known  that  a  similar  trouble  has  arisen  in 
the  case  of  the  glass  used  for  thermometers,  but  here  the  makers 
recognise  the  need  of  seasoning  the  glass  before  the  thermometer  is 
graduated  and  put  on  the  market. 

An  examination  of  the  table  given  above  will  also  show  a  slight 
change  of  scale  value,  due  to  temperature.  Although  small,  amounting 
only  to  about  0."0015  per  degree  Fah.,  it  is  of  quite  sufficient  impor- 
tance to  be  taken  into  account  in  a  longitude  determination,  amounting 
as  it  does  to  over  one-tenth  of  a  second  of  arc  for  our  average  range  of 
mean  temperature  in  the  year. 

The  writer  is  unable  to  offer  any  observations  of  his  own  in  illustration 
of  temporary  changes  of  great  extent  in  a  level,  unstrained  by  its 
mounting ;  but  that  there  are  such,  and  very  serious  ones,  rendering  the 
instrument  quite  unfit  for  delicate  measurements,  the  following  extract 
from  a  paper  read  at  the  Montreal  meeting  of  the  American  Associatiou 
for  the  Advancement  of  Science,  by  Prof.  W.  A.  Rogers,  will  show  : — "  In 
"  order  to  show  the  necessity  for  repeated  and  continuous  observations 
"  for  the  determination  of  the  value  of  one  division  of  the  level,  I  record 
"  here  my  experience  with  the  companion  level  of  the  instrument  known 
"as  the  Russian  transit"  (H.  C.  Observatory).  "It  was  made  in  the 
"  workshop  of  the  Pulkowa  Observatory. 

"  I  began  the  observations  about  8  o'clock  in  the  morning  of  Nov.  13, 
"by  comparing  the  readings  of  the  circle  with  bubble  first  at  the  mid- 
"dle  of  the  tube  and  then  at  the  extreme  end.  Proceeding  in  this  way 
"  with  each  five  divisions  in  succession,  I  was  surprised  to  find,  not  only 
"  a  continued  diminution  of  the  value  of  one  division,  but  a  well-defined 
"  shifting  of  the  zero  of  the  level.  By  noon  I  had  aearly  completed  the 
"  examination  for  the  first  half  of  the  divisions.  I  then  opened  the 
"shutters  for  an  observation  of  the  sun.  After  an  interval  often 
"  minutes,  observations  with  the  level  were  resumed,  when  it  was  found 
"  that  the  value  of  one  division,  determined  from  the  same  space  as 
"  before,  had  increased  by  one-fourth  of  its  mean  value.  It  will  be 
"sufficient  to  give  in  illustration  the  results  of  the  observations  on  three 
"  days. 

1881.    Nov.  13th. 

"Sc?o"eT}ldiv=1J6"Th-=380 

"  ^open"  }   l  div=2-0s"  Th.=65a 

Subsequent  observations  made  under  different  conditions  confirmed 
these  results.     Professor  Rogers  adds : — "  It  is  hardly  necessary  to  say 


Nov.  14th. 

ldiv  =  1.20"  Th.  =  40° 
1  div  =  2.06"  Th.  =  70° 


Nov.  15th. 
1  div  =  2.06"  Th.  =  47  a 
ldiv  =1.78"Th.=8G°" 
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"  that  this  level  has  been  discarded  as  worthless.  On  the  other  hand, 
{t  the  mounted  level  furnished  with  the  Russian  transit  proves  to  be  an 
l:  excellent  one." 

Here,  then,  are  two  levels  made  in  the  same  workshop, — the  one  prov- 
ing to  be  a  good  instrument,  the  other  totally  unreliable.    A  difference 
in  the  quality  of  the  glass  is  the  cause  to  which  one  would  naturally  refer 
this  discrepancy,  and  this  suggests  an  investigation  of  the  permanence  of 
form  of  the  different  kinds  of  glass,  one  which,  so  far  as  the  writer  is 
aware,  has  not  yet  been  undertaken.      The  peculiar  behaviour  of  this 
level,  under  the  conditions  of  the  test  imposed,  emphasizes  the  necessity 
of  shading  levels  from  the  direct  heat  rays  of  the  sun,  a  practice  which 
is  always  insisted  on  in  geodetic  levelling,  and  which  with  little  trouble 
might  be  adopted  for  the  more  important  lines  of  levels  in  railway 
or  canal  work.    A  shade  over  the  level  is  also  important  on  account  of 
the  errors  in  reading  the  bubble,  arising  from  the  sun's  rays  falling 
obliquely  upon  it,  giving  a  different  illumination  to  the  opposite  ends. 
Examples  of  change  in  the  form  of  levels  due  to  the  varying   strain 
in   the  mounting  are  only  too  abundant.     In  two   Dumpy  levels,  in 
which  the  glass  tube  is  held  in  a  brass  case  and  plaster  of  Paris,  the 
scale  values  were  determined  as  follows  : — In  one  21. "5  at  66°  Fah.  and 
17.1    at  20°  Fah.,    and  in  the  other  26."7  at  67°  Fah.   and  24."0  at 
20°  Fah.,  giving  respectively  changes  of  1"  for  each  10°  and    17°  of 
temperature.     The  mere  change  of  scale  value  is  not  the  important 
point  in  such  levels,  but  the  associated  circumstance,  of  which  there 
can  scarcely  be  a  doubt,  that  a   change  io  the  zero   of  the   level  takes 
place  with    each  change  of  scale  value,  putting  the  instrument  which 
may  have  been  placed   in   adjustment  at  a  given  temperature  out  of 
adjustment  for  any  other  temperature. 

Since  the  introduction  of  ether  as  a  filling  fluid  in  levels,  it  has  been 
found  that  in  some  level  tubes  so  filled  a  deposit  has  occurred  on  the 
surface  of  the  glass,  the  accuracy  of  the  instrument  being  in  consequence 
either  greatly  impaired  or  destroyed.  The  rough  particles  hold  the  air 
bubble  and  prevent  that  freedom  of  motion  so  essential  in  a  good  level. 
Dr.  F.  Mylius*  has  shown  that  these  deposits  occur  through  the  action 
of  the  small  quantity  of  water  remaining  in  the  ether,  on  the  potash  or 
soda  in  the  glass.  It  is  a  matter  of  very  great  difficulty  to  fill  a  level 
tube  with  perfectly  dry  ether.  Dr.  Mylius  used  eosin  as  a  re-agent  in 
his  investigation  since  it  imparts  a  light  yellowish  colour  to  etherf  and 
gives  a  bright  red  colour  to  water. 


Zeitsehrift  fur  Instrumentenkunde. 

Perfectly  pure  anhydrous  ether  is  not  coloured  by  eosin. 


McLeocl  on  Errors  of  Levels.  281 

By  adding  sorn  3  eosin  to  a  tubs  filled  with  ether  at  the  ordinary 
temperature  of  a  room,  and  then  lowering  the  temperature  of  the  tube 
and  the  liquid  cou-iderably,  small  globules  of  water  were  found  to  be 
separated  from  the  ether  and  to  deposit  themselves  on  the  walls  of  the 
tube,  becoming  visible  by  reason  of  the  bright  red  colour  caused  by  the 
eosin. 

He  demonstrated  also  that  these  small  particles  of  water,  retaining 
their  places,  very  shortly  became  saturated  with  potash  or  soda  from 
the  glass,  and  that  after  the  lapse  of  a  few  weeks  sin  ill  particles  of  potas- 
sium or  sodium  compounds  appeared  within  the  drops.  Where  an  acid 
is  present  in  the  filling  material — as  is  usually  the  case — the  deposit 
will  take  place  in  a  crystalline  form.  Dr.  Mylius  and  others  have 
found  that  these  deposits  are  more  likely  to  occur  in  glass  rich  in 
alkalies,  while  in  those  having  a  large  proportion  of  lead  or  zinc  they 
are  less  likely  to  occur.  The  harder  the  glass  the  less  likelihood  is 
there  of  the  deposits  occurring.  Also  that  they  are  more  likely  to  occur 
where  the  surface  is  rough  than  where  it  is  highly  polished.  To  demon- 
strate this  he  roughened  a  delicate  level  tube  previously  uninjured,  and 
found  after  the  lapse  of  some  weeks  deposits  occurring  on  the  roughened 
surfaces. 

"Wbere  such  substances  as  alcohol  and  water  are  used  for  the  filling 
material,  the  formation  of  crystal  is  prevented  since  the  alkalies  extract- 
ed from  the  glass  will  go  into  solution.  Alcohol  is,  however,  not  suffi- 
ciently mobile  for  delicate  levels.  Experiments  on  the  use  of  other 
fluid  substances,  such  as  beuzoline,  petroleum,  and  chloroform,  have  been 
made,  but  in  them  also  the  deposit  of  water  occurs.  The  solution  of  the 
difficulty  seems  to  lie  in  a  proper  selection  of  the  glass.  Flint  glass 
having  a  large  proportion  of  lead  is  not  suitable  owing  to  its  softness 
and  liability  to  alter  its  form.  The  choice  of  glass  would  seem  to  lie 
between  Bohemian  glass  containing  lime,  thermometer  glass  containing 
zinc,  and  crystal  glass  containing  lead. 

When  we  consider  the  many  defects  to  which  a  level  is  subject,  it 
becomes  obvious  that  it  is  an  instrument  whicb,  while  it  is  capable  of 
yielding  results  of  the  highest  accuracy,  is  also  one  to  be  used  with  great 
precaution.  In  fact,  it  can  only  be  considered  an  instrument  of  precision 
when  subjected  to  careful  examination  and  test  during  the  period 
covered  by  the  observations  in  which  it  is  being  employed;  and  under 
conditions  similar  to  those  in  which  it  is  being  used. 


THE  ERRORS  OF  LEVELS  AND  LEVELLING. 
By  Prof.  C.  H.  McLeod,  Ma.E.,  M.Can.Soc.C.E. 

PART    II. — ERRORS   OF    LEVELLING. 

In  considering  the  errors  of  levelling,  reference  will  only  be  made  to 
such  operations  as  are  ordinarily  included  under  the  name  of  spirit 
levelling,  omitting  any  reference  to  trigonometrical  levelling,  in  •which 
the  spirit  level  plays  an  equally  important  part.  It  will  first  be  proper 
to  remark  that  spirit  levelling  may  be  broadly  divided  into  two  classes: 
The  ordinary  levelling  undertaken  in  connection  with  railways,  "canals, 
drainage,  etc.;  and  ''geodesic"  or  "precise"  levelling,  where  the 
highest  attainable  accuracy  is  sought  in  fixing  the  elevations  of  inland 
points  with  reference  to  a  common  mean  sea-level  datum.  Nearly  all 
European  countries  are  carrying  out  such  systems  of  levelling  in  con- 
nection with  trigonometrical  surveys ;  and  in  the  United  States  many 
thousands  of  miles  have  been  run  under  the  direction  of  the  Coast  and 
Geodetic  Survey,  the  Lake  Survey  and  the  Mississippi  River  Commis- 
sion. Some  few  hundreds  of  miles  have,  the  writer  believes,  been 
levelled  in  Canada  by  precision  methods,  but  he  has  not  the  details 
before  him. 

The  instruments  employed  in  spirit  levelling  may  for  convenience  be 
divided  into  three  classes, — the  dumpy,  the  wye,  and  the  precision  level. 
The  form  of  the  dumpy  and  wye  as  employed  for  ordinary  levelling 
need  not  be  described  here.  The  precision  level  appears  under  a  variety 
of  forms.  Those  which  have  been  used  in  the  best  European  work  and 
in  America  are  of  the  wye  type.  The  level  tube  is  detached  and  used 
as  a  striding  level  on  the  collars  of  the  telescope.  One  wye  is  move- 
able in  a  vertical  direction  under  the  control  of  a  micrometer  screw,  in 
order  to  obtain  the  small  final  adjustment  necessary  to  bring  the  deli- 
cate level  employed  to  a  central  position  on  the  scale.  There  is  a  wide 
range  of  scale  value  in  the  levels  employed  in  the  two  classes  of  work, 
and  also  amongst  the  individual  instruments  used  in  each  class.  Thip 
divergence  is  much  more  marked  in  the  ordinary  levelling  instruments 
than  in  the  geodesic  instruments.     In   illustration  of  this  point,  the 
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scale  values  of  the  levels  (as  they  came  from  the  hands  of  the  maker) 
belonging  to  McGill  College  are  given  in  the  table  below.  The  scale 
values  employed  for  geodesic  instruments  are  usually  within  the  limit-! 
of  3"  and  6"  per  division  of  2mm  ;  equal  respectively  to  3.75"  and 
7.5"  per  div.  of  0.1  in.,  the  length  of  the  division  on  the  levels  referred 
to  below. 


Scale  Values  at  65°  Fall. 

Kind  of  Instrument. 

Maker's  Name. 

Scale  value  per 
div'n,  of  0.1  in. 

Optical  powers. 

12  in.  Wve  level. 

14  in.  Dumov  level  "A.*' 

14  in.       do*"       "    "B." 

14  in.       do          " 

14  in.       do          " 

18  in.  Wve.         " 

Hammersley. 

Do 

Do 
Stanley. 
Troughton  & 

Simms. 
Buff  &  Berger. 

75" 
21" 
26" 
27" 

14" 
12" 

18  and  26 
18     "    26 
20    "   25 
20     "   25 

18    "   30 
37 

The  optical  powers  in  this  list  will  be  referred  to  hereafter. 

Before  proceeding  to  a  consideration  of  the  errors  of  levelling,  it  will 
be  necessary  to  review  briefly  the  methods  of  adjustment  in  the  several 
forms  of  instruments,  and  in  this  connection  certain  defects  of  construc- 
tion will  most  conveniently  be  referred  to. 

The  object  of  all  methods  of  adjustment  is  to  bring  the  line  of  sight 
parallel  to  the  line  tangent  to  the  inner  surface  of  the  level  tube  at  its 
zero  point, — this  line  will  in  this  paper  be  referred  to  as  the  "  bubble- 
axis."  In  the  dumpy  this  condition  can  only  be  reached  by  the  direct 
method  of  reading  the  rod  on  two  "pegs,"  the  difference  in  the  level 
of  which  is  known,  one  point  being  near  the  instrument  while  the 
other  is  several  hundred  feet  distant,  and  shifting  either  the  position 
of  the  cross  hairs  or  of  the  level  tube,  until  the  readings  give  the  true 
difference  in  level.  The  only  error  in  this  method  is  theslightone  due 
to  the  curvature  of  the  earth,  amounting  to  about  ioo"th  of  a  foot  in 
600  feet,  and  to  one-quarter  that  amount  in  300  feet. 

The  method  usually  employed  to  obtain  the  difference  in  level  of 
the  pegs  is  by  setting  the  instrument  at  a  point  midway  between  them. 
The  errors  of  the  readings  then  being  the  same,  the  difference  is  the 
true  one.  A  second  method  of  determining  this  difference  of  level, 
which  is  not  so  generally  practised  and  is  perhaps  not  known  to  all 
engineers,  is  as  follows: — First  set  the  instrument  over  one  of  the 
pegs,  so  that  the  eye  end  will  just  swing  clear  of  the  rod,  held  vertically 
©n  the  peg.     When  the  instrument  is  level,  view  the  rod  through  the 
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telescope,  with  the  eye  at  the  object  end  ;  the  centre  of  the  small  cir- 
cular portion  of  the  rod  thus  seen  can  be  accurately  estimated  and  its 
position  read  by  the  aid  of  a  pencil  or  knife  edge  held  against  the  rod. 
Then  read  the  rod  as  usual  on  the  distant  peg.  Now  move  the  instru- 
ment over  the  second  peg.  and  obtain  a  reading  of  the  rod  as  in  the 
case  of  the  first  peg.  Then  read  the  rod  on  the  first  peg  which  is  now 
the  one  distant  from  the  instrument.  If  we  call  the  difference  of  the 
rod  readings  in  the  first  position  of  the  instrument  m,  and  the  differ- 
ence of  those  in  the  second  position  n,  then  the  true  difference  in  the 

elevation  of  the  pegs  is  — - —  .Results  thus  obtained,  being  from  four 

u 

separate  readings  instead  of  two,  and  being  independent  of  the  accu- 
racy of  any  horizontal  measurement,  are  susceptible  of  greater  precision 
than  the  usual  method.  The  instrument  and  rod  are  now  in  position 
for  the  necessary  adjustment,  and  the  distant  rod  reading  will  be 
corrected  by  the  above  amount. 

It  is  customary  to  adjust  the  wye  level  by  the  indirect  method. 
The  line  of  sight  being  examined  for  coincidence  with  the  axis  of  the 
collars  by  revolving  the  telescope  in  its  wyes,  the  bubble-axis  is  then 
tested  for  parallelism  with  the  bearings  of  the  collars  by  turning  the 
telescope  end  for  end  in  its  wyes,  and  the  necessary  corrections 
applied.  This  method  is  based  on  the  assumption  that  the  collars  of  the 
telescope  are  true  cylinders,  and  have  equal  diameters — an  assumption 
which  is  often  wide  of  the  mark.  In  the  case  of  one  level  used  by 
the  author,  the  error  due  to  this  cause  amounts  to  somewhat  over  ^-th 
of  a  foot  in  100  feet,  a  condition  of  adjustment  which  should  be  quite 
inadmissible  for  good  railroad  levelling.  It  is  not  an  uncommon  cir- 
cumstance, in  his  experience,  amongst  users  of  wye  levels,  to  find  the 
fulfilment  of  the  first  portion  of  this  test — the  revolution  of  the  telescope 
in  its  wyes — accepted  as  a  guarantee  of  the  perfection  of  the  whole. 
Such  an  error  of  judgment  is  of  course  impossible  with  persons  ac- 
quainted with  the  theory  of  the  instrument ;  but  alas,  the  holder  of 
the  position  of  "Engineer"  in  this  free  country  of  ours  may  readily 
be  a  touch  above  theoretical  considerations. 

For  convenience  only  is  it  desirable  that  the  bubble  should  remain 
central  while  the  instrument  rotates  about  its  vertical  axis.  In  the 
dumpy  this  adjustment  must  be  made  before,  and  in  the  wye  after, 
the  essential  adjustments  have  been  completed.  It  is  commonly  stated 
in  defence  of  the  indirect  method,  that  there  is  a  saving  of  time  as 
compared  with  the  direct  or  ;'peg''  method.  Such  is,  however,  not 
the  author's   experience.      The  time-consuming  portion  of  the  work  is 
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the    making    of  the    necessary    corrections  to    the     level   tube   and 
reticule.       In    the    essential    adjustments    by    the    indirect    method 
both  may  require    correction,    whereas    in    the    direct    method    only 
one  of  them — preferably  the  reticule — should   be  moved.     We   have 
then   in    comparing    the    relative    convenience    of   the   two,  on   the 
cue    hand    the    matter    of    setting    up    the    instrument    once    and 
v.  aking  two  or   three   rod  readings,   and  on  the  other  the  complete 
adjustment  of  the  level   tube.      The    writer    would    rather   set  up 
ti  n   instruments  and  make  as    many    rod  readings    (and    could   do  it 
in  less   time),  than   adjust  one   bubble  tube.     This  indirect  method 
-  ems  to  him  to  have,  lor  the  purposes  of  ordinary  levelling,  no  one  point 
to  commend  it  in  preference  to  the  direct  method,  and  has  the  disadvan- 
tage that   it  does  not  guarantee  correct  adjustment,  unless  the  pivots 
have,  after  careful  examination,  been  ascertained  to  be  equal;  or  the 
proper  correction  determined  and  applied.   The  wye  is  undoubtedly  the 
most  scientific  instrument,  and  for  precise  work  has  some  advantages, — 
such,  for  example,  as  the  possibility  of  eliminating  the  error  due  to  want 
cf  coincidence  of  the  sliding  tube  with  the  line  of  sight.    In  a  well  con- 
structed dumpy,  however,  this  error  must  always  be  trifling.  The  writer 
has  never  been  able  to  understand  why  the  wye  level  should    be  used 
in  ordinary  levelling  in  preference  to  the  dumpy.     The  wye  form  is 
more  difficult    of  construction,  more  expensive,  less  rigid  when  con- 
structed,  and    hence    more  liable  to  get  out  of  repair.      The  most 
abominable  instrument  ever   put  in   the  hand  of  man   is  an  old  and 
shaky  wye  level.    He  submits  that  in  the  interest  of  good  work,  if  not 
of  economy,  the  construction  of  the  wye  form  for  ordinary  levelling 
should  be  abandoned  in  favor  of  the  more  compact  and  rigid  dumpy. 
The  modification  of  the  dumpy,  such  as  Cushing's  reversible  level  and 
other  deviations  from  the  type  form,  do  not,  for  similar  reasons,  com- 
mend   themselves  to  him.     The  adjustments  for  coincidence  of  the 
optical  axes  of  the  objective  lens  and  the  eye-piece  with  one  another 
and  with  the  axis  of  the  tube,  provided  for  in  the  wye  but  not  in  the 
dumpy,  are  really  makers'  adjustments,  and  except  in  the  case  in  which 
the  axis  of  the  objective  slide  makes  an  angle  with  that  of  the  tube 
are  not  essential  to  correct  work.*     A  very  important  point  to  be  at- 
tended to  in  the  construction  of  all  levels,   and  in  the  examination  of 
them  from  time  to  time  by  the  Engineer,  is  that  the  object  lens  is  not 
loose  in  its  cell,  and  that  the  cell  is  not  loose  in  the  telescope  tube. 
Both  these  defects  are  apt  to  occur  through  time.     The  tightening 

*  The  test  for  this  error  is  most  conveniently  made  in  the  wye  by  sighting  on  a  distant 
and  a  near  object  in  the  reversed  position  of  the  telescope  tube,  and  in  the  dumpy  should 
be  made  by  the  three  peg  method  referred  to  by  Mr.  Irwin  in  the  discussion. 
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band  at  the  back  of  the  cell  should  screw  into  place  in  order  to  per- 
mit such  a  defect  being  rectified.  An  instrument  having  a  loose 
objective  is  impossible  of  adjustment  and  fatal  to  good  work. 

The  accompanying  cut,  taken  from  Fauth's  catalogue,  represents  an 
instrument  of  the  form  used  in  geodesic  work.  The  pattern  employed 
by  the  United  States  Coast  and  Geodetic  Survey  differs  slightly  from 
this  instrument,  which  is  the  one  prescribed  by  the  International  Geode- 
tic Commission,  held  in  Berlin  in  1864,  and  used  in  this  country  on 
the  Lake  and  Mississippi  River  surveys. 


The  following  description  of  the  instrument  is  taken  from  Johnson's 
Theory  and  Practice  of  Surveying: — 

"  The  bubble  is  enclosed  in  a  wooden  case  (metal  case  in  the  cut), 
"  and  rests  on  top  of  the  pivots  or  rings ;  it  is  carried  in  the  hand 
"  when  the  instrument  is  transported.  A  mirror  is  provided  which 
"  enables  the  observer  to  read  the  bubble  without  moving  his  eye  from 
11  the  eye-piece.  There  is  a  thumb-screw  with  a  very  fine  thread 
"  under  one  wye,  which  is  used  for  the  final  levelling  of  the  telescope, 
"  when  pointed  on  the  rod.  There  are  three  levelling-screws  and  a 
"  circular  or  box  level  for  convenience  in  setting.  The  telescope 
"  bubble  is  very  delicate,  one  division  on  the  scale  corresponding  to 
"  about  three  seconds  of  arc.  The  bubble-tube  is  chambered  also, 
"  thus  allowing  the  length  of  the  bubble  to  be  adjusted  to  different 
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"temperatures.  The  magnifying  power  is  about  45  diameters. 
"  There  are  three  horizontal  wires  provided,  set  at  such  a  distance 
'*  apart  that  the  wire  interval  is  about  oue-huudredth  of  the  distance 
the  rod.  The  tripod  legs  are  covered  with  white  cloth  to  dim- 
'■  inish  the  disturbing  effects  of  the  sun  upon  the ui.  The  level  itself  is 
"  always  kept  in  the  shade  while  at  work. 

"  The  levelling-rod  is  made  in  one  piece,  three  metres  long,  of  dry 
"  pine,  about  four  inches  wide  on  the  face,  and  strengthened  by  a 
"  piece  at  the  back,  making  a  T-sh  iped  cross-section.  The  rods  are 
['  self-reading,  that  is,  they  are  without  targets,  and  are  graduated  to 
"  centimetres.  An  iron  spur  is  provided  at  the  bottom,  which  fits 
"  into  a  socket  in  an  iron  foot-plate.  The  end  of  the  spur  should  be 
'•  fiat  and  the  bottom  of  the  socket  turned  out  to  a  spherical  form 
"  convex  upwards.  A  box-level  is  attached  to  the  rod  to  enable  the 
'•  rodman  to  hold  it  vertically,  and  this  in  turn  is  adjusted  by 
'•  means  of  a  plumb-line.  Two  handles  are  provided  for  holding  the 
"  rod,  and  a  wooden  tripod  to  be  used  in  adjusting  the  rod-bubble. 
"  The  decimetres  are  marked  on  one  side  of  the  graduations  and  the 
ntimetres  on  the  other  ;  all  figures  are  inverted  since  the  telescope 
"is  invert  111-." 

In  the  use  of  such  a  level  according  to  the  methods  of  precise 
levelling,  it  is  necessary  to  determine  the  instrumental  constants: — 

1.  The  angular  value  of  one  division  of  the  level  tube.  This  may 
be  found  in  the  field  by  sighting  on  a  rod  at  a  known  distance,  taking 
readings  of  the  bubble  along  the  whole  length  of  the  graduated  part 
of  the  tube,  but  it  is  more  satisfactorily  determined  on  a  solidly  mounted 
level  trier. 

2.  The  inequality  in  the  diameter  of  the  telescope  collars.  This  is 
found  byjreading  the  striding  level  on  the  collars  in  the  two  reversed 
positions,  thus  eliminating  the  error  due  to  the  unequal  length  of  the 
striding  level  legs  and  obtaining  the  true  inclination  of  the  surface  of 
the  rings.  The  telescope  is  then  reversed  in  its  wyes  and  the  levelling 
r<  peated.  The  difference  in  the  two  inclinations,  divided  by  four, 
gives  the  angular  value  of  the  error  or  correction  sought.*  The  fol- 
io ving  observations  arc  given  as  an  example  : — 

Level  readings. 
Eye  end.  Object  end. 

Striding  Level  direct  7.4  9.0 

"  "      reversed  8.0  8.4 


Means=7.7  and  8.7 

7.7 


2)1.0 


Inclination  of  upper  surface  of  collars-  =0.50 


*  See  Chauroiitet's  Astronomy,  Vol.  n,  p.  133, 
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Telescope  reversed  in  Wyes. 

Level  readings. 
Object  end.         Eye  end. 
Striding  level  reversed  5.6  11.0 

"  "     direct  5.0  11.6 


Means  =5.3        and  11.3 

5.3 

2)6X) 
Inclination  of  upper  surface  of  collars  =3.00 

Difference  of  readings     3.00 — 0.50 

' a = a =0.625 

4  4 

The  value  of  one  division  of  the  level  was=5//.  Hence,  correction  ia 
seconds  of  arc  =5  x  0.625  =  3.  12,  and  the  eye  end  is  the  largest,  requiring 
a  negative  correction  to  all  rod  readings. 

3.  The  ratios  of  the  portions  of  the  rod  intercepted  between  the 
three  •wires  and  the  distances  of  the  rod.     This  for  the  double  purpo 
of  obtaining-  a  measure  of  the  length  of  sights  and  furnishing  a  check- 
on  the  readings. 

The  adjustments — making  due  allowance  for  the  fact  that  the  level 
tube  is  moveable — are  the  same  as  those  for  the  ordinary  wye.  Since, 
however,  it  is  impossible  to  do  anything  exactly,  and  in  the  best  work 
the  smallest  errors  should  be  provided  for,  the  after-treatment  of  the 
adjustments  is  essentially  different.  They  are  reduced  to  as  near  zero 
as  possible,  and  the  outstanding  errors  determined  as  follows  : — 1.  The 
difference  in  the  average  of  the  three  rod  readings  in  the  two  reversed 
positions  of  the  telescope  tube  gives  twice  the  collimation  error  of  tho 
mean  line  of  sight,  at  the  known  distance  of  the  rod.  2.  The  inclina- 
tion of  the  bubble-axis  to  the  top  surface  of  the  rings  is  found  by 
takino-  a  series  of  readings  of  the  bubble  in  the  reversed  positions,  the 
average  of  the  mean  differences  at  the  eye  end  and  at  the  object  end, 
for  level  direct  and  level  reversed,  gives  twice  the  correction  required 
for  the  inclination  of  the  level  tube.  Thus,  in  the  example  already 
given,  the  difference  is  0.6  div.  and  the  correction    0.3  x  5.0=  l.//50. 

These  determinations  are  made  at  the  beginning  and  the  end  of  each 
day's  work,  and  their  resulting  values  combined  with  the  correction  for 
inequality  of  collars,  applied,  in  the  reduction  of  the  notes,  to  all  rod 
readings. 

Methods  of  work.  The  method  of  using  these  instruments  differs  from 
ordinary  work  only  in  that  there  are  three  rod  readings  for  each  setting 
of  the  rod,  and  the  reading  employed  is  the  mean  of  these.  In  some 
cases  the  bubble  is  kept  central  by  means  of  the  micrometer  screw  and 
the  reflecting  mirror;   and   in   other  cases  only  approximately  so,  the 
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ends  being  read  and  recorded  by  an  assistant.  A  correction  is,  in  the 
latter  case,  afterwards  applied  to  each  rod  reading  for  the  inclination 
of  the  line  of  sight.  The  three  readings  of  the  rod  in  each  position 
should  always  be  compared  before  the  level  is  moved,  in  order,  if  neces- 
sary, that  any  doubtful  reading  may  be  checked.  Self-reading  rods, 
usually  graduated  to  centimeters  and  estimated  to  millimeters,  are 
employed  on  the  Lakes  and  Mississippi  River  surveys,  and  in  most  of  the 
European  work.  On  the  Coast  and  Geodetic  Survey,  target  rods  arc 
used,  and  the  method  of  work  there  pursued  is  much  more  elaborate 
than  the  foregoing. 

The  methods  of  levelling  are  sometimes  described  as  single  or  double 
levelling,  according  as  single  or  double  back  and  fore  sight  are  taken. 
The  latter  has  been  the  practice  of  the  Coast  Survey,  and  is  a  self- 
checking  system — in  so  far  at  least  as  the  readings  are  concerned — 
really  amounting  to  two  lines  of  levels  in  the  same  direction.  The 
single  system  is,  however,  the  more  generally  adopted.  There  is  a 
decided  economy  in  time  and  in  accuracy  of  result  in  the  use  of  two 
rods  alternating  with  one  another  on  turning  points. 

In  reviewing  the  construction  of  levelling  instruments,  the  principal 
points  to  be  held  in  mind  as  conducive  to  the  best  results  in  the  various 
departments  of  work  would  seem  to  be.  First, — stability  of  construc- 
tion ;  second,  properly  constructed  levels  of  sufficient  delicacy  ;  third, 
adequate  optical  power  for  the  purpose  in  view.  The  first  condi- 
tion should  be  secured  by  a  proper  distribution  of  the  metal,  for  the 
attainment  of  the  necessary  strength  from  a  minimum  of  material. 
The  second  and  third  are  to  a  certain  extent  interdependent.  For 
railroad  and  canal  work  from  10"  to  20"  per  division  of  0.1"  would 
seem  to  be  limiting  values  for  the  scale  values  of  levels.  Levels  having 
a  scale  value  of  12"  are  entirely  satisfactory  on  ordinary  work,  while 
those  beyond  20"  the  writer  has  considered  as  lacking  in  sensitiveness. 
It  has  always  seemed  to  him  better  to  have  an  over-sensitive  than  an 
under-sensitive  level,  admitting  the  difficulty  of  keeping  the  former 
central. 

Increased  optical  power  is  of  course  secured  at  the  sacrifice  of  light 
and  definition.  The  powers  demanded  for  our  instruments  are,  however, 
much  below  the  maximun  limit  for  good  lenses,  under  the  ordinary  con- 
ditions of  illumination.  Referring  to  the  list  of  instruments  already  given, 
the  practice  of  the  makers  of  dumpy  levels  seems  to  be  to  keep  in  the 
neighbourhood  of  25  for  the  higher  powers  for  14  in.  instruments. 
The  object  lenses  of  all  these  instruments  would  stand  higher 
powers.  With  a  good  object  glass  of  1.5  in.  aperture  there  should  be  no 
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difficulty  in  using  a  power  of  40  under  the  ordinary  conditions  of  seeing. 
In  the  smaller  apertures  of  the  wye  levels  the  matter  of  loss  of  light 
becomes  serious.  But  the  makers  of  wye  levels  seem  altogether  born 
to  perversity, — having  decided  to  use  an  object  glass  of  small  aperture, 
they  must  of  necessity  add  to  this  a  four  lens  eye-piece,  as  if  it  were 
any  advantage  to  get  an  erect  image.  The  four  lens  inverting  eye- 
piece has  no  advantage  over  the  ordinary  erecting  eye  piece,  and  its  use 
results  in  serious  loss  of  light,  giving  a  comparatively  indistinct  image 
— one  of  the  most  fruitful  sources  of  error  in  levelling. 

The  use  of  the  mirror  on  level  tubes  to  view  the  bubble  is  not  in  such 
favour  with  engineers  as  it  should  be.  The  usual  process  of  reading 
the  rod  while  standing  in  a  different  position  from  that  in  which  the 
instrument  was  levelled  must  necessarily  introduce  errors  of  a  serious 
nature.  AYhen  the  mirror  is  used  it  should  always  be  placed  at  the 
same  inclination,  and  the  observer  should  by  trial,  assisted  by  another 
person,  obtain  that  position  of  the  eye  in  which  the  bubble  may 
be  viewed  without  parallax,  and  from  which  he  will  always  afterwards 
observe  it. 

It  is  usual  to  classify  sources  of  error  somewhat  as  follows : — 
1,  instrumental  errors;  2,  errors  from  unstable  supports;  3,  errors  of 
observation ;  4,  personal  errors ;  5,  atmospheric  errors.  The  chief 
source  of  error  from  instrumental  causes  is  no  doubt  due  to  either 
a  permanent  or  temporary  lack  of  parallelism  between  the  line  of  sight 
and  the  bubble-axis.  No  adjustment  can  be  perfect,  and  even  if 
perfect  under  stated  conditions  is  liable  to  change  under  other  condi- 
tions. The  causes  which  might  produce  a  change  in  adjustment  due  to 
the  influence  of  varying  temperature  on  the  glass  of  the  level  has  been 
discussed  in  the  first  part  of  this  paper.  A  temporary  change  may 
result  from  the  unequal  heating  of  the  metal  of  the  instrument,  which 
would  probably  take  place  in  bright  weather  when  levelling,  in  a  direction 
towards  or  away  from  the  sun.  The  direct  action  of  the  sun  should  be 
avoided  by  the  use  of  a  shade — a  heavy  canvas  umbrella  is  used  on 
geodetic  work.  In  order  to  obviate  the  effect  of  any  possible  change  in 
the  scale  value  of  the  level,  readings  should  never  be  taken  when  the 
bubble,  is  at  any  considerable  distance  from  central.  If  the  bubble  is 
sluggish  there  is  a  possible  source  of  error  in  its  being  read  before 
final  settlement.  This  latter  difficulty  can  be  overcome,  with  a  cham- 
bered level,  by  avoiding  the  use  of  short  bubbles.  Errors  arising  from 
defects  of  adjustment  are  of  course  completely  eliminated  by  equality 
of  sights,  except  in  such  a  case  as  that  mentioned  above,  where,  on 
.account  of  the  direct  heating  action  of  the  sun,  a   change  may  take 
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place  between  Bights.  Such  changes  are  much  more  likely  to  affect 
the  results  of  ordinary  levelling  where  there  is  an  interval  of  time 
betw  ui  centering  the  bubble  and  reading  the  rod.  Errors  of  this 
nature  are,  though  small  for  any  given  sight,  of  serious  consequence 
through  always  being  in  the  same  direction,  or  cumulative  in 
character.  If  there  be,  of  necessity,  a  difference  in  the  lengths  of  sights, 
the  possible  error  so  introduced  should  be  neutralized  by  makin"-,  on 
the  first  opportunity,  a  similar  difference  in  the  opposite  direction.  In 
the  Indian  Survey  sights  arc  made  equal  by  chaining.  Where,  as  for 
example  in  crossing  a  wide  river,  a  long  foresight  is  unavoidable,  the 
method  of  reciprocal  levelling,  explained  in  connection  with  the  pen 
adjustment,  should  be  employed.  This  also  eliminates  the  error  due 
to  curvature  of  the  earth.  Where  there  are  two  vertical  wires  and 
the  rod  is  read  anywhere  between  them,  there  may  be  a  slight  error 
introduced  through  the  lack  of  horizontally  of  the  wire.  This  should 
be  provided  for  in  making  the  adjustment  by  swinging  the  telescope, 
when  correctly  levelled,  around  its  vertical  axis,  and  rocking  the  reticule 
ring  until  the  wire  is  observed  to  continuously  bisect  a  fixed  point. 
Where  no  rod  level  is  used,  as  is  usually  the  case  in  ordinary  levelling, 
it  is,  however,  more  important  that  the  vertical  wire  should  be  truly 
vertical ;  and  where  both  cannot,  in  this  case,  be  secured,  the  rod  should 
always  be  read  in  the  same  position  on  the  horizontal  wire.  Wye  levels 
should  always  have  a  means  of  preventing  the  telescope  from  rotatiu- 
in  the  wyes. 

Errors  due  to  the  rod  will  also  fall  under  this  class,  and  we  should 
first  look  to  the  accuracy  of  its  length  and  uniformity  of  its  gradua- 
tion. Mr.  I.  W.  Wright  in  his  work  on  the  adjustment  of  observations 
remarks  that : — 

•  •  An  important  source  of  error  in  spirit  levelling,  and  one  very 
"  commonly  overlooked,  is  the  change  in  length  of  the  levelling  rod 
"from  variations  of  temperature.  From  experiments  made  by  the 
"Prussian  Land  Survey,  in  which  the  rods  were  compared  daily  witli 
"  a  steel  standard,  the  following  fluctuations  in  length  were  found  for 
"  four  rods  made  of  seasoned  fir  : — 

Rod  13,  from  May  19  to  Aug.  18  0.51  mm.  per  metre. 

14       "        "     20          "  15  0.46  "       "         " 

9       "        "     24       Sept.  6  0.37  "       '«         " 

10       "        "     24           •  6  0.43  "        "         " 

"  It  is  quite  possible  that  errors  from  this  source  may  largely  exceed 
"  the  errors  arising  from  the  levelling  itself.     Each  field  party  should 
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11  therefore  be  provided  with  the  means  of  making  a  daily  comparison 
"  of  the  rods  used,  with  a  standard  of  length.  A  steel  metre  and  a 
'•'■  micrometer  microscope  mounted  on  a  stand  would  be  all  that  would 
■■  be  necessary."' 

The  maximum  expansion  above  quoted  would  amount  to  .007 
of  a  foot  in  the  length  of  a  14  foot  rod.  It  will  be  noted  that  the 
variation  of  temperature  is  not  given.  Experiments  conducted  by  Prof. 
Van  de  Sande-Bakhuyzen  on  the  staves  used  in  the  Netherlands,  give 
results  of  much  less  magnitude  then  the  above.  He  found  the  rate  of 
expansion  for  seasoned  fir  rods  to  be  4.4  micra  per  metre,  per  degree 
centigrade,  and  that  other  changes  amounted  in  all  to  not  more  than 
.05  mm.  per  metre. 

For  ordinary  work  the  self-reading  telescope  rod  is  almost  univer- 
sally adopted,  on  account  of  its  portability  and  convenience  in  use. 
The  rods  of  this  form,  though  sold  as  "  standard  "  by  the  makers,  are 
liable  to  be  most  inaccurate.  Of  the  seven  14  ft.  self-reading  rods  in  use 
at  McGrill  College,  four  are  within  .002  of  a  foot  of  being  correct, 
one  is  .006  too  short,  and  two  are  .014  too  long,  at  62°  Fah.  There 
are  then  two  of  these  rods,  and  surprising  as  it  may  seem,  both  from 
the  same  makers — a  London  firm  of  high  repute — which  differ  between 
themselves  to  the  extent  of  .020  of  a  foot.  Two  12  ft.  target  rods 
by  different  American  makers  are  within  .002  of  the  correct  length. 
Amongst  a  lot  of  five  telescope  rods,  recently  measured  in  the  ware- 
house of  a  dealer,  one  was  found  to  be  .020  too  long  at  14  feet  and 
.015  too  long  at  17  feet.  In  most  of  the  above  cases  the  total  error 
was  roughly  distributed  throughout  the  length  of  the  rod.  In  that 
last  mentioned,  and  in  oue  of  the  College  rods,  the  graduation  was 
somewhat  irregular. 

Where  rods  are  properly  constructed  they  should  not  be  influenced 
to  any  great  extent  by  moisture.  The  utmost  precaution  should,  how- 
ever, be  exercised  in  keep  them  dry.  In  the  Swiss  levelling  the  errors 
due  to  temperature  and  moisture  are  stated  as  being  "small,  slow  in 
action,  and  somewhat  irregular."  The  reports  published  from  time  to 
time  of  extreme  changes  from  moisture  are  no  doubt  due  to  improper 
protection.  Where  rods  are  used  under  proper  direction  they  are  of 
course  subject  to  careful  comparison  with  the  national  standard,  and 
any  errors  in  their  lengths  allowed  for. 

Errors  arising  from  unstable  sujjports  may  occur  through  the  instru- 
ment or  the  rod,  and  are  usually  of  a  cumulative  character.  The  instru- 
ment may  settle  slightly  between  the  reading  of  the  back  and  fore  sights 
or  the  converse  may  occur,  depending  upon  the  character  of  the  ground. 
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Similarly,  the  turning  points  may  settle  or  spring  up  between  sights. 
In   soft  ground,  settlement  is  likely  to  occur ;    while  in  stiff'  clay 
both  instrument  and  rod — if  the  latter  is  supported  on  a  peg  driven 
in  the  ground — may  spring  back  slightly.     Pegs  are  preferred  as  turn- 
ing points  for  soft  ground,  and  plates   having  a  projecting  knob  or 
spherical  hole  for  the  rod,  as  already  explained,  for  hard  soil  or  roads. 
The  rod  should   never  be  removed  from  the  point  until  all  the  read- 
ings have  been  made,  and  the  weight  of  the  rodman  should   never  be 
-allowed  to  rest  upon  it.     When  both  instrument  and  rod  move  in  the 
same  direction  the  effects  are  additive,  and  the   character  of  the  soil 
continuing  the  same  over  a   considerable  stretch  of  country,  a  large 
error  may  be  accumulated.     To  obviate  such  a  result,  Colonel  Walker 
adopted,  in  India,  the  plan  of  alternating  the  order  of  observations  at 
successive  stations  of  the  instrument,  by  reading  the  back  staff  first  on 
one  station  and  the  forward  staff  first  on  the  next.     The  error  may  in 
part  at  least  be  eliminated  by  levelling  between  bench-marks  in  oppo- 
site directions.  Duplicate  levels  in  opposite  directions  between  benches 
or  along  the  whole  length  of  line  should  completely  eliminate  it.  This 
is  indeed  the  sovereign  cure  for  all  errors  of  a  cumulative  character. 
Mr.  Hirsch,  one  of  the  Directors  of  the  Swiss  precision  levelling, 
has  shown  that  the  error  due  to  settlement,  other  things  being  equal, 
is  proportional  to  the  length  of  line  run.     In  ordinary  levelling  opera- 
1  ion,  the  character  of  the  ground  affects  the  work  in  a  different  way, 
1  he  feet  of  the  observer  compress  the  ground  near  the  tripod  legs,  and 
displace  the  line  of  sight  in  the  interval  of  time  between  levelling  and 
reading  the  rod.  To  obviate  this,  Colonel  Goulier  has  recommended  that 
two  of  the  legs  be  always  placed  parallel  to  the  line  of  sight.     The  use 
of  the  mirror,  already  noticed,  would  alsu  remove  this  source  of  error. 
The  largest  source  of  observational  errors  is  believed  to  be  due  to 
the  want  of  careful  centering  or  reading  the  bubble.     Every  leveller 
should  know  what  rod  reading  is  covered  by  a  range  of  one  division  of 
his  bubble  at  a  given  distance  of,  say  100  feet,  in  order  that  he  may 
fully  appreciate  the  effect  of  errors  of  this  kind. 

When  the  illumination  of  the  two  ends  of  the  bubble  is  different,  an 
error  in  centering  is  almost  sure  to  follow,  there  being  a  tendency  to 
bring  the  bubble  too  much  towards  the  light.  Error  is  also  introduced 
through  parallax,  the  bubble  being  viewed  obliquely  to  its  length.  It 
lias  recently  been  urged  by  a  German  observer — Dr.  Reinhertz* — that 
t'le  bubbles  should  be  viewed  in  profile.  Clearness  of  the  glass  and 
ilistinctness  of  the  graduations  have  much  to  do  with  the  accuracy  of 

*  Zeiischrift  fur  Instrumentenkurule,  Oct.,  t?90 
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bubble  readings.  Errors  of  rod  reading  are  more  common  with  a  tar- 
get than  with  a  speaking  rod.  The  best  cheek  on  the  former  is  for 
both  rodman  and  leveller  to  make  independent  readings.  Where  three 
wires  are  used,  errors  with  self-reading  rods  are  of  very  rare  occur- 
rence. The  mean  of  the  three  readings  is  also  without  doubt  more 
accurate  than  a  single  reading  on  a  target  rod.  It  does  not  by  any 
means  follow  that  because  a  target  rod  reads  to  .001  of  a  foot,  that 
the  reading  is  accurate  within  that  limit.  A  difference  in  the  illum- 
ination of  the  rod  will  also  affect  the  relative  accuracy  of  the  readings, 
and  a  line  running  east  and  west  will  probably  show  different  results, 
according  as  it  is  levelled  in  the  forenoon  or  afternoon. 

Under  personal  errors  we  have  merely  to  note  that  each  observer 
has  his  own  peculiarities,  which  will  largely  affect  the  resulting  differ- 
ence of  level  over  a  great  length  of  line.  This  is  in  fact  the  personal 
equation  of  the  observer.  To  quote  from  the  report  of  the  Chief 
Engineer,  U.  S.  A.,  for  1884  :  "  These  discrepancies  vary  with  differ- 
"  ent  observers,  and  are  not  even  constant  for  the  same  observer,  are 
"  nearly  proportional  to  the  distance,  and  seem  to  be  independent  of 
"the  nature  of  the  ground,  the  direction  in  which  the  work  is  done, 
"the  season  or  the  manner  of  supporting  the  rod."  The  results  of 
some  recent  levels  on  the  Mississippi  survey  go  to  show  that  this  personal 
equation  may  be  somewhat  evanescent,  particularly  with  young  obser- 
vers, and  that  every  line  of  levels  should  be  duplicated  in  opposite- 
directions  by  the  same  observer  within  the  shortest  possible  limits  of 
time,  iu  order  to  reduce  the  probability  of  change  in  the  personal  equa- 
tion. With  skilled  observers  of  long  practice,  this  habit  is  probably  a 
constant  from  year  to  year. 

For  the  effects  of  atmosphere  errors  we  cannot  do  better  than  quote 
from  Professor  J.  B.  Johnson,  who  was  for  some  time  engaged  on  work 
in  connection  with  the  Lake  survey.  (Van  Nostrand's  Magazine  for 
October,  1883.) 

"  Errors  from  this  source  may  be  classified  as  coming  from  : 
"  1,  Wind;  2,  Tremulousness ;   3,  Variable  Refraction. 

"  1.  Wind  generally  shakes  the  instrument,  and  makes  the  holding 
"  of  the  rod  difficult  or  impossible.  For  two  seasons  I  have  used  a 
"  tent  on  windy  days  to  protect  the  instrument,  and  with  great  success. 
"  Good  work  can  be  done  in  this  way  so  long  as  the  rod  can  be  held. 
"  We  also  have  large  square  canvas  umbrellas  that  can  be  set  on  the 
"  ground  to  the  windward  of  the  instrument,  and  these  effectually 
"  shield  them  in  ordinary  windy  weather. 

"The  tents  used  were  wall-tents,  5x6  feet,  and  one  8-foot  centra 
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"pole.  A  square  iron  frame,  3x3£  feet,  sewed  into  the  canvas  o  sar 
"  the  top,  formed  the  lateral  support  there.  It  was  held  down  by  six  or 
"  eight  steel  puis,  18  inches  long  and  h  inch  diameter,  with  flat  heads. 
"  These  passed  through  iron  rings  sewed  into  the  bottom.  There  were 
"'  openings  for  the  line  of  sight  and  a  flap  for  the  observer  to  enter  and 
"  pass  out  with  the  instrument.  These  tents  were  made  to  be  used  on 
''  Gulf  coast  at  a  very  windy  season,  when  one  half  the  time  would  have 
''  been  lost  from  high  winds  without  them.  The  rodmen  supported 
u  their  rods  by  sticks  held  in  the  hand  and  braced  against  the  rod 
"  at  an  angle,  resting  on  the  ground.  Care  had  to  be  exercised  that 
"  the  rods  were  not  thereby  lifted  from  their  sockets  in  the  foot  plates. 

"  2.  Tremulousness  is  caused  by  a  difference  of  temperature  between 
"  air  and  ground,  and  always  occurs  in  clear  weather  after  the  sun  is 
."  a  few  hours  high.  This  causes  the  target,  or  figures  on  a  speaking 
•'  rod,  to  appear  to  move  up  and  down,  giving  rise  to  what  is  known 
•'as  'dancing'  or  'boiling.'  This  simply  causes  an  uncertainty  in 
'•  the  reading,  depending  directly  on  the  degree  of  unsteadiness.  It 
"  is  a  compensating  error,  and  the  observer  must  be  his  own  judge  as 
"  to  when  he  must  stop  work  in  order  to  obtain  the  required  degree  of 
"  precision.  The  only  remedy  is  to  shorten  the  length  of  sight ;  but  as 
"  there  are  some  errors  that  multiply  directly  with  the  number  of  sights 
"  taken  in  a  given  distance,  there  is  also  a  limit  to  which  this  remedy 
"  may  be  profitably  carried.  I  do  not  think  it  advisable  to  use  sights 
"  less  than  100  feet  if  the  highest  accuracy  is  sought,  and  perhaps 
**  never  more  than  400  feet,  even  when  the  atmosphere  is  perfectly 
"  clear  and  steady.  In  clear  weather  not  more  than  3  or  4  hours  a 
"  day  can  be  utilized  for  the  best  work. 

"  3.  Variable  refraction  occurs  when  the  sunshine  suddenly  comes 
"  up  or  leaves  the  line ;  this  happens  along  the  edge  of  timber  or  under 
'*  the  brow  of  a  hill,  as  when  the  line  rapidly  emerges  from  or  comes 
"  into  the  shade  from  the  sun's  movement,  or  on  partially  cloudy  days, 
"  when  the  sun  is  alternately  covered  and  clear.  When  from  the  first 
'•  source,  it  occurs  about  8  a.m.  and  4  p.m.  It  is  a  peculiar  phenome- 
u  non,  and  is  more  common  in  winter  than  in  summer.  The  atmosphere 
"  is  apparently  steady  and  the  sight  well  taken ;  but  upon  checking  it, 
"  the  reading  has  changed,  and  may  be  observed  to  change  gradually  or 
"  suddenly,  and  sometimes  to  recover  a  part  or  all  of  its  original  move- 
"ment,  when  the  instruments  were  known  to  be  stable.  I  have  seen 
''  these  changes  of  reading  amount  to  5  millimeters,  or  Uh  of  an  inch 
"  in  a  distance  of  100  meters,  or  328  feet.  If  the  atmosphere  is  found 
"  to  be  in  this  condition,  the  work  should  be  stopped  for  a  while,  as 
u  this  state  of  affairs  is  not  likely  to  continue  long." 
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Errors  due  to  carelessness — and  their  name  is  legion — need  not  be 
discussed.  We  can  make  no  provision  for  the  acts  of  the  rodman,  who, 
being  sent  teo  hunt  up  a  turning  point,  triumphantly  brings  it  to  you 
in  his  hand  ;  nor  yet  for  the  leveller,  who  fails  persistently  to  distin- 
guish between  a  6  and  a  9. 

Looking  at  the  unavoidable  errors  of  levelling  in  a  more  compre- 
hensive manner,  we  may  regard  them  as  composed  of  three  classes, — 
compensating  errors,  cumulative  errors,  and  accidental  errors.  The 
first  classes  should  be  so  manipulated  as  to  eliminate  themselves  dur- 
ing the  progress  of  the  work.  The  second  should  be  removed  by  the 
same  observer  repeating  the  work  under  as  nearly  as  possible  the  same 
conditions,  and  in  an  opposite  direction.  Levels  checked  only  in  the 
same  direction  give  fallacious  results.  The  third  are  the  legitimate 
errors  inseparable  from  all  observations,  and  are  proportional  to  the 
square  root  of  the  distance.  The  errors  of  a  properly  conducted  sys- 
tem of  levels  are  usually  considered  to  be  of  this  character,  and  their 
precision  tested  accordingly. 

The  limit  of  probable  error  allowed  in  the     Ft. 

U.  S.  Coast  and  Geodetic  Survey  is 0.029  \  Dist.  in  miles. 

Lake  Survey 041  y  Dist.  in  miles. 


/T 


Mississippi  River  Commission 021  y  Dist.  in  miles. 

between  duplicate  lines.* 

The  following  interesting  table  of  the  results  of  levelling  in  Great 
Britain.  India  and  Switzerland  has  been  compiled  by  Mr.  Wilfrid 
Airy,  M.  Inst,  C.E. 

Average  differences  in  a  single  mile  of  the  results  obtained  by  two 
observers,  on  ground  of  different  degrees  of  inclination. 


Character  of  Ground. 


Switzer- 
land. 


India. 


Nearly   level,     very  favourable  circum 

stances  of  weather. 
Slightly  undulatimr,  gradients  not  exceed. 

ing  1  in  100. 
Gradients  between  1  in  100  and  1  in  20. 
Gradients  between  1  in  20  and  1  in  10. 
Gradients  steeper  than  1  in  20- 


Foot.  Foot. 

0230  .0142 

.0238  .0168 

.7039  .0208 

.0566  .0350 


Great 
Britain. 


Foot. 
.0125 

.0148 
.0183 
.0308 
.0416 


Note. — The  quantities    in    bold  face  type  are    estimated  from   analogy 
afforded  by  Swiss  levelling,  as  no  direct  data  could  be  furnisbed. 

*Fox  two  measurements  the  formula  for  probable  error  (   ±  .674  \/  e  'vv/  1  reduces 

\  *  in  (m— )/ 


to    4- 


where   v'  is  the  difference  in  the  measurements. 
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Iu  illustration  of  the  high  degree  of  accuracy  attaiued  over  long 
lines,  the  following  is  taken  from  the  report  of  the  levelling  operations 
in  India  for  1866,  by  Colonel  Walker  : — 


Maximum 

Section. 

Length  in 

.Milks. 

Divergence 

OF    TWO 

Observers. 

Terminal 
Divergence. 

Foot. 

Foot. 

Calcutta  to  Tilliagarhi. 

242 

0.20 

0-15 

rilliagarhi  to  Patka  Gerouli. 

346 

0-40 

0.38 

Agra  to  Patka  Gerouli. 

342 

0-15 

0.06 

Some  excellent  results  over  duplicated  lines  have  in  recent  years 
been  obtained  with  the  wye  levels  used  in  the  engineering  branch, 
U.  S.  Army.  The  methods  adopted  were  practically  those  of  precision 
levelling.     As  an  example  of  these  the  following   extract  is  given  : — 


Section7. 

Length  in 
Miles. 

Max.  Diver- 
gence OF  TWO 
observers  in 
Feet. 

Terminal 

Divergence 

in  Feet. 

Sioux  City  to  Fort  Randal 
Fort  Randall  to  Pierre,  Dak. 

179 
190 

.082 
.156 

.060 
.154 

The  best  levelling  has,  however,  undoubtedly  been  done  in  Switzer- 
land.    The  field  rules  there  adopted  are  as  follows  : — 

1.  The  levelling  to  be  executed  by  equal  rights  whenever  possible  ;  the  differ- 

ence between  the  length  of  back  and  fore  sights  never  to  exceed  ten 
metres, 

2.  The  length  of  sight  is  as  a  rule  to  be  limited  as  under  : — 

(a)  Upon  railroads  with  gradients  1  in  100,  to  100  metres. 
(£)       "  "        "     steep  gradients,  50  to  100  metres. 

(0       "      highroads  in  the  plains,  30  to  60  metres. 
(d)       "       mountain  roads,  10  to  25  metres. 

3.  The  spirit  level  to  be  always  shaded  from  the  sun. 

4.  The  three  instrumental  errors,  viz  :  Collimationof  optical  axis,  inequality 

of  pivots,  and  bubble  error,  to  be  determined  at  least  once  each  da}'. 
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5.  The  field  work  to  be  carried  on  continuously  except  on  wet  or  windy  days. 

Three  kilometres  at  least  should  be  the  length  of  line  levelled  per  day 
along  railways  and  two  along  highways. 

6.  Bench  marks  to  be  made  at  every  kilometre,  and  to  be  clearly  described 

in  the  field  book. 

In  preparing  this  p^per  the  author  has  endeavoured  to  touch  upon 
all  classes  of  engineering  levelling  ;  naturally,  however,  the  subject  being 
one  which  bears  more  particularly  on  geodesic  work,  he  has  given  greater 
attention  to  that  department.  In  deprecation  of  a  possible  criticism  to 
the  effect  that  the  major  portion  of  the  methods  herein  detailed  are  of 
no  consequence  to  "  practical  "  engineers,  he  would  beg  to  remind 
any  so  disposed  that  possibly  their  particular  line  of  work  has  not 
embraced  the  whole  sphere  of  labours  of  the  profession.  He  would 
also  wish  to  express  the  hope  that  the  members  of  the  Canadian  So- 
ciety of  Civil  Engineers  may,  at  some  day  not  far  distant,  be  called  to 
do  geodesic  levelling  within  the  boundaries  of  their  own  country. 


DISCUSSION 

Mr.   Hannaf'ord  asked  if  Professor  McLeod,  in  writing  the  paper,  Mr.  I  ancaford 
intended  ti>  refer  more  particularly  to   astronomical  observations  or 
to  everyday  levelling  in  the  field  ? 

Professor  McLeod,  in  reply,  slated  that  the  paper  referred  to  both  Prof .  McLeod. 
astronomical  and  engineering  levels — that  where  his  remarks  applied 
more  particularly  to  one  or  the  other  class  of  levels,  it  is  so  stated  in 
the  body  of  the  paper. 

Mr.  Dodwell  said  that  the  discussion  of  a  paper  should  of  course  Mr.  Dodweii. 
consist  of  criticism  and  additional  information  on  the  same  subject. 
In  general,  intelligent  and  profitable  criticism  should  be  either  con- 
firmation or  refutation  of  the  author's  views  from  personal  observa- 
tion and  experience.  In  the  present  case  he  was  not  in  a  position  to 
add  any  information  or  particulars  of  a  scientific  character  to  the 
interesting  paper  they  had  just  heard.  The  importance  of  accuracy 
in  levels  used  in  connection  with  astronomical  telescopes  is  too  obvious 
to  need  re-stating,  but  it  had  never  occurred  to  him  that  the  requisite 
degree  of  accuracy  in  their  manufacture  was  so  difficult — almost  im- 
possible— of  attainment.  For  all  purposes  for  which  engineers  use 
levels,  such  extreme  accuracy  was,  happily  for  them,  quite  unnecessary. 
A  scale  value  of  5.15  seconds  represents,  at  a  distance  of  400  feet,  a 
vertical  height,  or  difference  of  reading  on  a  levelling  rod,  of  only  .01 
foot,  from  which  it  will  readily  be  seen  that,  within  ordinary  limits 
the  scale  value  of  an  engineer's  level  is  an  unimportant  factor,  and 
that  the  requisite  degrees  of  accuracy  in  levels  for  engineering  and 
for  astronomical  purposes  respectively  are  not  to  be  compared.  He 
observes  that  among  the  liquids  mentione  1  in  the  paper  for  filling 
level  tubes,  bisulphide  of  carbon  does  not  occur.  He  would  like  to 
•isk  the  author  whether  this  very  mobile  substance  is  not  sometimes 
used  for  this  purpose?  Perhaps  also,  when  he  closes  the  discussion, 
the  author  will  give  in  brief  detail  an  account  of  his  method  for  deter- 
nr.uing  the  scale  value  of  levels  of  precision.  In  the  second  part  of 
his  paper  on  the  "Errors  of  Levelling,"  the  author  will  no  doubt 
give  some  material  that  will  appeal  more  directly  to  engineers. 
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Mr.  St.  George.  Mr.  St.  George  said  with  regard  to  the  errors  of  levelling  in  differ- 
ent temperatures,  engineers  and  railroad  men  notice  continually  that 
when  they  adjust  an  instrument  at  a  certain  time  in  the  day,  espe- 
cially in  the  winter  time,  if  they  happen  to  adjust  that  instrument 
near  noon  when  the  sun  is  high,  and  go  out  later  in  the  afternoon, 
it  would  appear  as  if  there  was  something  wrong  with  the  level  around 
the  centre.  In  levelling,  an  equalized  sight  should  always  be  taken  on 
the  bubble. 

Mr.  Irwin.  Air.  Irwin  said  he  had  never  noticed  a  spirit  level  failing  to  reverse 

at  any  time  during  the  same  day  on  which  it  had  been  adjusted.  He 
had  a  very  good  dumpy  level  which  only  required  to  be  adjusted  once 
in  three  or  four  years,  and  after  it  had  been  adjusted  at  an  average 
temperature  in  summer,  he  found  that  in  using  it  in  very  cold  weather 
(once  for  instance  when  it  was  about  zero,  at  which  temperature  the 
bubble  occupied  almost  the  entire  length  of  the  visible  part  of  the 
tube)  the  bubble  would  not  reverse  to  wi  thin  two  divisions  on  the 
glass,  that  is  to  say,  its  position  of  reversing  would  be  two  divisions 
further  from  the  zero  at  one  end  of  the  tube  than  at  the  other,  which 
amounts  to  an  error  really  of  only  one  division.  On  these  occasions 
he  used  two  spring  clips  sliding  on  the  tube  of  the  level;  and  moved 
them  up  to  the  points  at  which  the  bubble  would  reverse.  He  would 
like  to  ask  Professor  McLeod  if  in  his  opinion  the  level  should  not 
then  work  correctly.  He  had  occasion  to  level  once  for  three  days,  when 
the  thermometer  was  about  zji-o,  and  on  checking  back  found  his  levels 
to  close  exactly ;  and  during  checking  back  he  checked  on  a  benchmark 
left  on  the  end  of  the  second  day,  and  was  only  -^th  wrong  in  his 
check  on  that.  This,  he  thought,  showed  that  the  method  which  he 
adopted  for  marking  the  position  of  the  bubble  was  correct,  and  that 
any  error  due  to  the  change  in  the  position  of  the  zero  point  of  the 
graduations  would  be  avoided. 
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Mr.  Gr.  N.  Saegmuller  (of  Messrs.  Fauth  &  Co.,  Washington)  said  sir  Saegmul- 
as  Messrs.  Fauth  &  Co.  grind  levels  at  long  intervals  and  generally  a 
number  at  a  time,  they  have  always  "  well  seasoned  "  ones  on  hand. 
He  does  not  think  that  they  ever  sent  out  a  level  which  had  not  been 
finished  at  least  one  or  two  years.  They  have  probably  a  hundred  fine 
levels  on  hand  which  were  ground  over  two  years  ago.  Each  level 
has  its  record ;  they  are  tested  after  they  are  ground  (the  writer  does 
not  know  how  often  during  the  operation),  and  the  value  is  recorded 
on  the  level.  When  they  use  them  they  re-determine  this  value* 
They  have  never  found  a  single  instance  where  a  decisive  change  in 
the  curvature  could  be  noticed.  Nor  is  there  any  reason  why  they 
should  change,  and  no  rational  explanation  can  be  given.  If  the  level 
were  only  ground  on  one  side,  then  they  could  anticipate  a  change,  and 
the  level  would  have  to  become  of  lesser  curvature  or  larger  value. 
He  does  not  think  that  Professor  McLeod's  figures  bear  out  his 
deductions.  In  the  first  place  the  temperatures  differ  so  widely  among 
the  different  determinations,  and  in  the  second  place  the  difference 
in  the  length  of  the  bubble  will  explain  more  than  the  differences  in 
the  different  resulting  scale  values.  A  short  bubble  will  creep,  and  it 
requires  a  long  time  before  it  is  really  settled,  while  a  long  bubble  will 
always  move  briskly  and  settle  down  quickly. 

Some  astronomers  have  claimed  to  have  found  evidence  of  changes 
in  levels.  Several  were  returned  to  the  writer  as  having  changed  their 
values,  but  in  every  case  this  was  the  result  of  bad  mounting.  The 
writer  believes  that  a  violent  blow  or  a  fall  may  change  the  curve,  but 
he  has  never  met  with  such  a  case,  lie  tried  several  levels  having  a 
value  of  about  5"  for  1  div.  of  2  mm.  These  he  laid  on  blocks  resting 
on  the  ends,  and  pressed  them  down  at  the  middle,  trying  to  bend  them. 
He  left  them  in  this  strained  position  for  two  weeks.  At  the  end  of 
this  time  he  examined  them  again,  and  found  that  they  had  their  old 
values.  He  pressed  them 'as  hard  as  he  dared  to  go ;  one  of  them 
broke.  Now,  when  a  level  rests,  as  it  ought  to,  at  the  two  ends,  with 
scarcely  any  pressure  on  it,  and  when  it  is  considered  that  a  tube  of 
brittle  glass  has  great  strength,  the  writer  cannot  see  why  it  should 
change.  He  should  like  to  have  from  Professor  McLeod  an  explana- 
tion of  what  would  cause  such  a  chancre. 
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Prof.  Rogers  Professor  W.  A.  Rogers  said  that  the  only  point,  in  addition 
to  those  which  the  author  considers,  which  occurs  to  him  is,  that 
Messrs.  Fauth  &  Co.,  who  have  a  machine  for  grinding  levels  to  any 
desired  curvature,  state  that  the  machine  will  not  give  the  finishing 
touches,  which  must  be  put  on  by  a  delicate  hand  movement.  It  is 
his  experience  that  the  general  excellence  of  levels  made  in  this  way 
is  greatly  improved.  The  general  curvature  is  more  likely  to  be 
accurate  if  made  bj  a  machine  movement,  and  the  general  form  is  not 
much  disturbed  by  the  hand  finishing.  Two  of  these  levels  have  been 
investigated  by  the  Naval  Observatory  with  superb  results. 

Prof.  Eastman.  Professor  Eastman  (of  the  U.  S.  Naval  Observatory,  Washington) 
said  that  there  is  one  difficulty  with  levels  when  the  scale  is  engraved 
on  the  tube  which  is  not  mentioned  in  the  paper.  This  etching  or 
engraving  of  the  lines  is  not  of  uniform  depth,  and  after  several  years 
of  use  this  cutting  of  the  surface  of  the  tube  weakens  it,  and  gives  rise 
to  irregular  curves  and  utterly  ruins  the  level.  He  used  an  excellent 
level  for  more  than  fifteen  years,  but  in  less  than  one  year  it  changed 
from  a  first-class  to  a  worthless  instrument.  An  examination  showed 
that  the  upper  engraved  side  was  a  series  of  irregular  curves. 

He  has  lately  examined  two  level  tubes  for  the  use  of  the  Naval 
Observatory,  and  the  results  are  as  follows  : — 

Values  in  seconds  of  arc  of  one  division  on  level  tubes. 

Nos.  5  and  6  were  seleeted  from  a  lot  of  six  tubes.  These  values 
were  obtained  by  running  the  bubble  by  stages,  of  5  divisions,  from  one 
end  of  the  tube  to  the  other,  and  then  reversing'  the  motion. 


No.  5 

N 

o.6 

one  div. 

=  0".95 
.91 
.92 
.93 
.94 
.95 
.93 
.93 
.94 
.94 
.94 
1.00 
1.01 

one 

div. 

=  0' 

'.90 

.90 
.91 
.88 
.89 
.88 
.87 
.86 
.89 
.88 
.91 
.92 
.92 
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Mr.  Chas.  Carpmael  (Director  of  the  Meteorological  Office)  said  Mr.  carpmaei. 
that  with  nearly  all  of  the  paper  he  heartily  agreed,  but  would  call 
attention  to  one  point,  in  which  it  seems  to  hiui  that  the  author  had  not 
made  matters  clear.  It  is  stated  that  "  difference  of  sectional  area  of 
the  ends  of  the  tube  also  gives  rise  to  a  shift  in  the  zero,  since  for  a 
given  change  of  temperature  the  air  space  at  one  end  %oill  be  altered  in 
length  to  a  greater  or  less  extent,  according  as  it  is  towards  the  smaller 
or  larger  end  of  the  tube."  The  writer  has  underlined  the  part  to 
which  he  refers  as  needing  explanation.  The  matter  would  be  per- 
fectly clear  if  a  diaphragm  were  inserted  in  the  tube,  preventing  the 
flow  of  liquid  from  one  end  of  the  tube  to  the  other,  when  the  tempera- 
ture changed  ;  but  it  is  not  so  clear  at  first  sight  why  there  should  be 
any  shift  when  the  liquid  is  free  to  take  up  a  position  of  equilibrium. 

* C 


Suppose  the  upper  (inside)  curve  of  a  central  loiigiiuuinal  section 
of  the  bulb  be  one  of  uniform  curvature,  i.e.,  let  ABC  in  the 
diagram  be  the  are  of  a  circle,  and  further  let  the  portions  of  all 
transverse  sections  (normal  to  A  B  C)  which  come  into  contact  witli 
the  common  surface  of  liquid  and  vapour  be  of  one  curvature,  then 
the  shape  of  the  common  surface  at  one  end  will  be  the  same  as  at  the 
other.  If  we  take  in  the  two  ends  corresponding  points  W  and  E,  the 
total  curvature  of  the  common  surface  at  these  two  points  will  be  the 
same,  consequently  the  difference  of  pressure  between  vapour  and 
liquid  will  be  the  same  and  the  line  W  E  will  be  horizontal.  Also, 
since  the  form  of  the  surfaces  is  the  same  at  both  ends,  W  E  will  be 
equidistant  from  the  glass  surface.  Also,  if  the  perpendicular  from  B 
bisects  W  E,  the  tangent  at  B  will  be  parallel  to  W  E,  and  therefore 
horizontal.  To  state  this  result  otherwise,  if  B  be  the  point  at  which 
the  tangent  is  horizontal  and  W  E  be  corresponding  points  in  the  two 
ends,  the  perpendicular  from  B  will  bisect  W  E.  No  change  of  tem- 
perature will  in  this  case  shift  the  zero.  If,  however,  the  curvature  of 
the  transverse  section,  where  it  cuts  the  common  surface,  be  not  the 
same  at  both  ends  of  the  bubble,  the  shape  of  this  common  surface  will 
not  be  the  same  at  both  ends.  The  tangent  at  B  need  not,  therefore,  bi 
horizontal,  nor  will  it  in  general  be  inclined  at  the  same  angle  to  the 
horizontal  at  all  temperatures,  as  one  end  of  the  bubble  will  expand 
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towards  parts  of  greater  and  the  other  end  towards  parts  of  less 
sectional  curvature.  In  this  case  not  only  will  the  zero  shift  with 
differences  of  temperature  but  also  (to  a  greater  or  less  degree)  the 
scale  co-efficient. 

:apt.  Deviiie.  Capt.  E.  Deville,  Surveyor  General,  said  that  the  results  of  his 
own  experience  are  somewhat  scattered,  and  he  could  not  collect  them 
without  devoting  to  the  subject  more  time  than  he  has  at  his  disposal. 
He  has  not  been  actively  engaged  in  observing  for  the  last  eight  or 
nine  years,  and  his  recollections  are  somewhat  indistinct.  He  has  been 
rather  unfortunate  in  the  matter  of  levels  ;  of  all  those  he  has  used 
(they  are  many)  only  one  was  good  :  it  was  made  by  Repsold.  He 
lias  tried  since  to  obtain  others  from  the  same  firm,  but  they  decline 
to  make  them  except  for  their  own  instruments. 

During  the  last  two  or  three  years  the  writer  has  ordered  and 
received  from  the  best  makers,  American  and  European,  about  one 
dozen  of  levels,  and  although  the  prices  were  very  high,  not  a  single  one 
proved  satisfactory.  Some  were  plugged  at  the  ends  instead  of  being 
sealed  ;  these  it  was  found  would  invariably  leak. 

The  mode  of  setting  which  was  found   most   satisfactory  is  to  let 
the  ends  of  the  tube  rest  in  two  brass  Y's,   a   spring  at  each  end 
pressing  a  piece  of  cork  on  top  of  the  tube  just  above  the  Y.     The 
adjustments,  when  made,  are  very  steady,  and  there  is  no  strain  on  the 
tube. 

The  conclusion  the  writer  has  come  to  is  that  a  level  should  never 
be  assumed  to  be  good  because  it  comes  from  a  good  maker  ;  and  when 
an  observer  is  fortunate  enough  to  obtain  a  good  one,  he  should  spare 
no  care  or  pains  to  preserve  it  from  accidents. 

Mr.  Woodward.  Mr.  It.  S.  Woodward,  of  U.  S.  Coast  and  Geodetic  Survey,  said  that 
be  could  think  now  of  only  one  point  which  it  might  be  interest- 
ing to  add  to  the  discussion  of  this  valuable  paper,  and  that  is  that 
many  reputable  makers^of  instruments  of  precision  still  mount  their 
levels  very  badly.  Sometimes  it  will  happen  that  a  reasonably  good 
level  will  be  set  in  plaster  of  Paris.  He  had  occasion  a  few  years  ago 
to  exhume  several  good  level  tubes,  which  were  set  in  this  way  by  the 
distinguished  firm  of  Troughton  &  Simms,  London. 

In  ordering  a  delicate  level  an  engineer  should  specify  that  the  tube 
be  delicately  mounted.  The  use  of  Y's  as  supports  for  the  level 
tube  with  delicate  springs  to  hold  it  in  position  seems  the  most 
approved  way. 
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Professor  E.  A.  Fuertes,  of  Cornell  University,  said  that  his  expe-  Prof .  Vuertes 
rience  with  astronomical  levels  shows,  that  in  addition  to  uniformity  of 
curvature  iu  a  vertical  plane,  the  internal  surface  of  the  level  should 
be  a  true  torus.  Also,  levels  which  at  a  given  temperature,  with  a 
given  length  of  bubble,  seem  to  be  uniformly  graduated,  will  give 
poor  division  values  for  the  same  length  of  bubble  at  a  different  tem- 
perature. Also  the  manner  of  mounting  the  level  in  its  tube  has  a 
great  influence  on  the  performance  of  the  level.  The  writer  would 
suggest  the  support  of  the  level  at  its  middle  part  upon  a  cork-lined 
ring,  the  extremities  being  held  by  cork  wedges,  for  the  purpose  of 
Steadying  the  level  vial  laterally,  and  placing  the  zeros  of  the  gradua- 
tion an  inch  beyond  the  edges  of  the  supporting  central  ring.  He 
purchased  a  new  level  (reading  about  2"  per  millimeter),  and  when  he 
again  investigated  it,  a  year  or  eo  afterwards,  its  scale  had  changed  very 
materially.  Both  trials  were  made  on  the  vial,  free  from  its  mounting, 
and  adjusted  on  the  wyes  of  the  level  trier  for  the  verticality  of  the 
plane  containing  the  axis  of  the  tube. 

Experiments  are  under  way  at  Cornell  University  upon  a  plastic 
substance,  into  which  the  level  vial  may  be  sunk  without  adhering  to 
the  vial,  giving  the  level  a  chance  to  adjust  itself  to  temperatures, 
without  the  changes  of  form  due  to  strains  produced  by  the  corres- 
ponding changes  of  metallic  and  rigid  supports.  A  mixture  of  caramel 
syrup,  glycerine  and  glue  may  produce  a  compound  sufficiently  stiff  to 
afford  a  secure  seat  to  the  level,  and  yet  allow  it  to  expand  or  contract 
without  such  strains  as  may  force  an  undue  change  of  form  in  the 
glass  ;  but  the  difficulty  lies  in  the  proportions  of  the  ingredients,  so 
as  to  give  useful  results  in  extremes  of  heat  and  cold.  This  difficulty 
is  not  considered  insurmountable,  however. 

The  most  refined  astronomical  and  geodetic  observations  are  fre. 
quently  made  to  depend  upon  the  testimony  given  by  the  divisions  of 
a  level  ;  and  this  testimony,  the  best  attainable,  cannot  be  depended 
upon  without  special  investigation  of  the  errors  to  which  it  is  liable. 
Any  effort  to  bring  under  less  complex  laws  the  inequalities  of  the 
indication  of  the  level  is  worthy  of  encouragement,  in  view  of  the  indis- 
pensable use  of  this  instrument  in  many  important  fields  of  research. 

Professors  Chas.  L.  Crandall  and  C.  B.  Wing-    of  Cornell  Univer-  ., 

c'  Profs.  C ran d all 

sity,    said  Professor  McLeod's  paper   shows   how  the   zero    point   is    r""1  Wing. 
affected  by  the  length  of  the  bubble  when  the  tube  is  poor.    It  may  not 
be  uninteresting  to  determine  the  effect  of  length  of  bubble  not  due  to 
a  poor  tube.     With  this  end  in  view,    the  level  tube  of  a  geodetic  level 
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belonging  to  the  University,  was  placed  upon  a  level  tester,  and  read- 
ings taken  for  each  five  seconds  of  arc  through  which  the  tester  moved. 
The  motion  was  continued  through  one  minute  of  arc  and  back  again, 
and  the  time  which  the  bubble  required  to  move  each  five  seconds 
noted.  The  tube  has  12^  divisions  to  the  inch,  and  each  division 
is  about  3.7  seconds. 

Between  the  limits  of  10  and  36  divisions  for  the  length  of  the 
bubble,  the  time  required  to  move  over  five  seconds  of  arc  is  about 
inversely  as  the  length,  varying  from  about  twenty  seconds  for 
the  shortest  to  six  seconds  for  the  longest.  When  the  bubble  wa* 
less  than  twenty  divisions  long  it  would  usually  move  beyond  the 
point  of  rest,  in  which  case  the  time  required  to  return  was  as  great  as 
for  the  first  motion  ;  or  for  the  short  bubbles,  the  time  required  for 
rest  should  be  doubled. 

The  value  of  a  division  is  slightly  less  for  the  short  bubble,  but 
the  more  important  fact  is  that  the  divisions  are  much  more  nearly 
equal  for  the  long  bubble.  The  probable  error  for  a  single  reading  in 
the  length  of  a  division  with  the  bubble  ten  divisions  long  being  1.2 
seconds,  with  the  bubble  twenty  divisions  long  0.6  seconds,  and  with 
the  bubble  thirty  divisions  long  0.5  seconds,  showing  the  quality  of 
the  lewl  to  improve  with  the  length  of  the  bubble  up  to  the  limit 
taken,  although  the  difference  is  slight  beyond  twenty  divisions. 

Comparing  the  two  level  readings  for  the  same  position  of  the  tester, 
the  bubble  having  come  from  opposite  directions,  the  indications  ai\ 
that  the  bubble  is  carried  beyond  the  true  point  about  one-half  second, 
the  amount  being  slightly  greater  as  the  bubble  is  shorter.  We  say 
indications,  because  the  readings  were  not  so  arranged  as  to  eliminate 
instability  of  the  tester. 

Another  level  with  about  two  second  divisions  was  tested  in  this 
same  manner.  The  bubble,  when  §  inch  long,  would  only  move  for 
every  third  turn  of  the  screw  representing  fifteen  seconds  of  arc,  while 
when  lengthened  to  two  inches  the  motion  was  uniform  and  the  curva- 
ture apparently  constant. 

In  conclusion,  these  experiments  indicate  that  increasing  the  length  of 
the  bubble  decreases  sluggishness  and  increases  the  apparent  uniformity 
of  curvature  and  the  accuracy  of  the  final  position  of  rest.  This 
apparent  uniformity  of  curvature  may  decrease  if  the  length  is  carried 
beyond  a  certain  limit ;  or  it  is  probable  that  each  tube  wiil  have  a 
length  of  bubble  for  which  the  divisions  are  more  nearly  constant  in 
value  than  for  any  other.  This  length  is  probably  the  one  used  by  the 
maker  in  <_rrindiu2  and  testing. 
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Mr.  Arthur  Hill  said  that  Prof  essor  McLeod's  interesting  paper  has  Mr.  Kin. 
afforded  him  at  last  an  explanation  of  the  probable  cause  of  the  exas- 
perating behaviour  of  the  bubble  of  a  London  math  Dumpy  level,  which 
he  has  been  using  for  the  last  twelve  years,  and  which  has  never  yet 
properly  maintained  its  adjustment  for  twelve  hours  at  a  time.  Plated 
in  perfect  adjustment  in  the  morning  it  would  perhaps  be  off  at  uoou, 
and  back  again  in  the  evening.  Adjusted  at  midday,  it  would  in  all 
probability  strike  work  before  six  o'clock.  It  was  plain  that  those 
freaks  were  due  to  a  change  of  temperature,  but  the  writer  never  could 
make  out  how  the  change  produced  its  annoying  results. 

The  great  advantage  of  having  a  chambered  bubble  tube,  as 
described  by  Professor  McLeod,  will  be  appreciated  by  any  who  have 
experienced  the  difficulty  referred  to. 

Professor  McLeod,  replying  to  the  criticisms  of  Mr.  Saegmuller,  who  Prof.  MoLeod. 
is  of  opiuion   that  no  change   of  form   can  take   place  after  the  level  is 
ground,  said  that  there  must  necessarily,  from    the  character  of  the 
manufacturing  process,  be  internal   strain  in  the   glass  of  the  tubes. 
When  the  skin  is  removed  to  unequal  depths  in  the  process  of  grinding, 
and  relief  thus  given  to  the  tensions,  the  whole  tube  will  slowly  take  on 
a  new  figure.     Even  in  blown  glass,  where  there  is  no  interferenc  •  with 
the  outer  skin,  it  is,  as  has  been   pointed  out,  customary  and  necessary 
to  season  thermometer  tubes  before  calibrating  and  graduating  them. 
It  would,  even  could  no  reason  be  assigned  or  no  analogous  case  giveu, 
obviously  be  useless  to  maintain,  in  the  face  of  the  evidence  given,  that 
no  change    can  take  place.     The  cases  cited  by  Professors  Eastman, 
Puertes  and  others,  furnish  additional  and  conclusive  evidence  in  refuta- 
tion of  the  stand  taken  by  Mr.  Saegmuller.     The  deduction  which  Mr. 
Saegmuller  takes  the  speaker  to  task  for  making  is,  he  supposes,  the  sun 
change  of  form  with  age.     The  effect  due  to  temperature  has  little  or 
no  weight  in  the  general  result,  and  is  trifling  as  compared  with  the 
change  through  mie.     The  constant  though  slight  changes  of  form  in 
the  glass  through  change  of  temperature  is  probably  the  most  efficient 
agency  through  which  the  greater  change  takes  place. 

As  to  the  effect  of  the  length  of  the  bubble,  it  will  be  seen  that  in  the 
tests  made  on  July  15th,  1890,  the  extreme  limits  of  length  of  bubble 
employed  are  used,  and  give  results  which  are  practically  identical 

It  is  of  course  well  known  that  a  long  bubble  will  come  to  rest  more 
quickly  than  a  short  one.  When  the  length  of  the  bubble  on  the  level 
in  question  is  half  an  inch  long,  it  will  come  to  rest  in  about  sixty 
seconds ;  when    it  is  one  inch  long,  in  about  35  seconds ;  when  it  is 
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two  inches  long,  in  about  20  seconds;  and  when  three  inches  long, 
somewhat  less  than  15  seconds.  Or,  speaking  very  roughly,  the  length 
of  time  which  the  bubble  takes  to  settle  is  inversely  proportional  to  its 
length.  A  very  short  bubble  is  more  searching  in  detecting  local 
irregularities  of  curvature,  and  unless  the  level  is  a  good  one  there  will 
be  a  resulting  lack  of  uniformity  of  scale  value  in  the  use  of  a  short 
bubble.  The  long  bubble  extending  to  opposite  ends  of  the  tube  evens 
up  any  small  local  errors,  giving  the  average  value  of  the  scale  value  at 
the  two  ends.  A  level  which  is  fairly  good  for  a  long  bubble  may  be 
very  poor  when  the  bubble  is  short.  Such  was  not,  however,  to  any 
great  extent  the  case  with  the  level  in  question.  Professor  Fuertes  has 
given  an  instance  of  this  kind,  and  Professors  Crandall  and  Wing  have 
made  a  special  investigation  as  to  the  effects  of  different  lengths  of 
bubbles.  The  average  of  one  division  along  the  whole  length  of  the 
scale,  which  is  the  point  in  question  with  Mr.  Saegmuller,  is  not,  how- 
ever, different.  The  speaker  has  this  afternoon  tested  the  level  in  ques- 
tion for  a  length  of  bubble  of  half  an  inch  and  for  a  length  of  2,7  in., 
obtaining  exactly  the  same  average  scale  value  for  both  lengths. 

The  length  of  the  bubble  can  have  and  has  no  effect  whatever  on  the 
average  scale  value  of  a  perfect  level.  Mr.  Saegmuller  does  not  quite 
grasp  the  idea  of  the  change  of  form  which,  the  author  has  maintained, 
may  take  place  in  a  properly  mounted  level.  He  seems  to  look  to  all 
change  as  being  due  to  external  strain,  whereas  what  we  are  dealing 
with  is  obviously  a  question  of  internal  strain. 

Eelerring  to  Mr.  Carr  mael's  remarks  where  the  sectional  area  of  the 
tube  is  different  at  the  two  ends,  the  curvature  in  cross  section  at  the 
upper  surface  will,  from  the  nature  of  the  usual  process  of  grinding,  be 
different,  giving  the  resulting  change  of  zero  referred  to  in  the  paper. 

Mr.  Dodwell's  remarks  refer  more  to  the  errors  of  levelling.  The 
speaker  has  not  been  able,  through  lack  of  time,  to  look  into  carefully 
his  suggestion  to  use  bi-sulphide  of  carbon.  There  would  be  three  points 
to  consider  :  1st,  Its  mobility.  In  this  it  probably  ranks  below  ether  ; 
2nd,  its  hygroscopic  properties  ;  and  3rd,  the  practical  question  of  its 
use  by  the  maker.  Its  highly  volatile  character  would  increase  the 
difficulty  oi  closing  the  tube.  Some  experiments  are  being  made  on 
these  points,  and  the  speaker  would  like  to  be  allowed  to  add  the  results, 
if  any  are  obtained,  to  this  discussion.* 

If  the  change  in  the  position  of  the  bubble  referred  to  by  Mr.  Irwin 


*  The  experiments  above  referred  to  show  that  bi-sulphide  of  carbon  is  somewhat 
more  mobile  than  ether,  and  there  does  not  seem  to  be  any  objection  to  its  use  in  levels 
except  the  difficulty  of  manufacture. 
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was  due  to  a  shift  of  the  z<to,  as  it  would  seem  to  be,  then  undoubtedly 
the  method  pursued  by  him  is  the  correct  one,  and  would  eliminate  any 
error  arising  from  that  cause.  It  should,  however,  be  borne  in  mind, 
that  a  similar  result  might  follow  from  unequal  contraction  of  the  metal 
of  the  instrument,  and  in  this  ease  there  would  be  an  error  introduced 
in  so  using  the  level.  The  golden  rule  is  to  test  for  each  and  every 
Condition  in  which  an  instrument  is  used. 

Professor  W.  Wright  said  he  had  read  Professor  McLeod's  paper  with  Prof.  Wright. 
great   interest.      It  seems  a  very  clear  and   practicable   exposition,  and 
contains  many  things  not  generally  known. 

One  or  two  points  might  have  been  elaborated.  For  example,  people 
should  be  warned  against  Trough  ton  &  Simins'  method  of  placing  the 
level  tube  in  a  metallic  case  and  filling  up  with  plaster  of  Paris.  He 
has  seen  levels  of  this  kind  made  by  them  to  accompany  a  14  inch 
theodolite  for  primary  triangulation  work.  Again  the  very  trouble- 
some question  of  personal  equation  is  touched  on  rather  lightly. 

Professor  J.  B.  Johnson  (of  Washington  University)  said  that  prob-  Prof.  Johnson, 
ably  Professor  McLeod  could  have  added  with  some  profit  a  method  of 
adjusting  up  the  levels  of  a  city  plot.  For  instance,  every  city  has  a 
great  many  determinations  of  the  difference  of  elevation  between  its 
various  bench  marks,  and  when  a  sufficient  number  of  observations 
are  obtaiued,  it  would  be  well  (if  the  expense  cannot  be  incurred  of 
going  over  the  whole  set  by  precise  methods)  to  try  and  find  the  most 
probable  values  of  those  differences.  This  means  some  system  of 
reduction  similar  to  that  used  in  the  writer's  work  on  surveying,  for 
adjusting  up  a  network  of  polygons.  Most  city  engineers  do  nothing 
of  the  sort,  but  arbitrarily  fix  these  values. 

Neither  has  the  author  said  anything  on  the  significance  of  weight 
(or  mass)  in  a  levelling  instrument.  The  heavier  the  instrument  the 
less  it  is  affected  by  wind,  and  a  heavy  instrument  is  always  better 
than  a  light  one.  Most  engineers  seek  light  instruments  for  comfort, 
and  thereby  sacrifice  largely  in  the  matter  of  accuracy. 

Mr.  W.  McNab  said  that  the  Society  is  indebted  to  Professor  Mr.  McNab. 
McLeod  for  his  excellent  paper  on  this  particular  branch  of  engineering 
science.  The  information  and  suggestions  contained  in  it  are  of  a 
practical  nature,  and  cannot  fail,  if  carefully  considered,  to  largely 
assist  those  engaged  in  the  work  in  obtaining  a  degree  of  accuracy 
such  as  perhaps  may  not  have  been  aspired  to  before,  or  considered 
possible  or  necessary. 
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In  regard  to  errors  arising  from  the  improper  adjustments  of  the 
instruments  themselves,  it  is  noteworthy  that  there  are,  unfortunately, 
many  levellers  who  obtain  very  incorrect  results  by  reason  of  a  lack  of 
proper  knowledge  of  the  construction  and  principles  of  the  level  in  all 
its  details.  Perhaps  the  most  common  error  met  with  in  every  day 
work  is  that  arising  from  the  too  frequent  acceptance  of  the  instrument 
as  being  in  perfect  order,  provided  the  bubble  remains  stationary  during 
a  revolution  of  the  telescope. 

If  those  who  use  the  instruments,  but  who  are  not  well  acquainted 
with  the  principles  of  their  construction,  realized  for  a  moment  the 
serious  discrepancies  that  frequently  result  from  such  ignorance,  it 
would  appeal  to  them  forcibly  that  the  art  of  correct  levelling  cousists 
in  more  than  the  mere  mechanical  reading  of  the  staff  (however  accur- 
ate that  may  be)  and  bringing  the  bubble  to  the  desired  central  point 
by  the  aid  of  the  levelling  screws. 

Professor  McLeod  has  furnished  some  tables  showing  the  accuracy 
with  which  levelling  has  been  accomplished  over  long  distance  in 
India  and  the  United  States;  and  in  connection  therewith  it  might  be 
interesting  to  cite  an  example  of  what  has  been  done  in  Canada  in 
that  respect.  In  a  series  of  levels  which  were  taken  over  the  muin 
lines  of  the  Grand  Trunk  Railway  in  1878,  a  difference  of  only  j?  of  a 
foot  in  220  miles  was  found  to  exist  between  them  and  levels  taken 
in  1858,  reckoning  from  an  established  bench  mark  in  Belleville,  Ont., 
and  one  in  Montreal.  In  the  former  the  levelling  was  run  in  a 
westerly  and  in  the  latter  in  an  easterly  direction  between  the  points 
mentioned.  Similar  cases  might  also  be  quoted  in  respect  to  the 
result  of  the  check  levels  from  the  railway  line  to  the  water  level  of 
Lake  Ontario,  at  various  points  between  Kingston  and  Toronto.  At 
none  of  the  points  on  the  lake  noted  between  these  two  cities  was  a 
difference  of  more  than  1?  of  a  foot  observed.  The  height  of  the 
normal  surface  of  the  lake  had  been  previously  determined  by  an 
arranged  plan  of  simultaneous  observations  at  the  various  points  by 
parties  detailed  for  the  purpose  ;  and  at  noon  on  a  certain  day,  when 
the  elements  were  perfectly  calm  at  all  the  places,  and  had  been  so  for 
at  least  21  hours  previously,  the  water  level  was  accurately  marked,  and 
the  check  levels  were  taken  from  the  line  of  the  railway  to  these 
various  marks. 

For  general  use,  the  speaker  prefers  the  Dumpy  (but  of  course 
due  allowance  must  be  made  for  the  makers) ;  the  adjustments  may 
require  the  use  of  measures  not  necessary  in  the  Wye,  but  when  once 
thoroughly  adjusted,  his  experience  is  that  the  former  can  be  depended 
upon  to  preserve  that  condition  much  longer  than  the  latter. 
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There  is  a  source  of  error  that  might  be  mentioned  in  connection 
with,  levelling,  and  that  is  incorrect  reading  of  the  staff,  owing  to  an 
inferior  or  bad  style  of  delineation  of  the  graduations.  There  are 
some  staffs  in  frequent  use  to-day  having  such  a  confused  method  of 
graduation  that  they  somewhat  resemble  a  set  of  hieroglyphics — probably 
the  design  of  some  one,  who,  to  be  different  from  others,  has  sacrificed 
utility  to  originality.  One  style  of  staff  which  the  speaker  has  found 
very  simple,  and  the  most  serviceable,  is  graduated  with  a  series  of 
triangles  whose  angular  points  represent  the  tenths.  These  triangles 
are  then  subdivided  into  the  hundredths  by  lines  parallel  with  the  base, 
the  -paces  being  painted  alternately  black  and  white. 

Professor  McLeod  has  embraced  very  concisely  the  various  sources 
of  error  connected  with  the  instruments,  and  his  paper,  with  the  sug- 
gestion thrown  out,  cannot  fail  to  result  in  benefit  to  those  engaged  in 
the  work  of  levelling. 

Mr.  H.  Irwin  said  Professor  McLeod's  paper  is  the  more  welcome  Jlr  irwin. 
since  there  is   very  little  satisfactory  information   on  the  subject  to  be 
found  in  books. 

With  regard  to  bubble  tubes — "  Gillespie,"  the  standard  American 
author  on  surveying,  on  page  224  of  the  1883  edition,  says  that  the 
bubble  tube  "  consists  of  a  glass  tube  slightly  curved  upwards  at  its 
middle,"  and  on  page  240  of  same  edition  describes  it  as  being  "  a 
curved  glass  tube." 

In  Gillespie's  later  book  called  "  Higher  Surveying"  (a  most  satis- 
factory work),  edited  by  Captain  Cady  Staley,  and  dated  1881,  the 
spirit  level  is  <h  scribed  on  page  12  as  being  "  a  curved  glass  tube." 

Eankine,  in  his  edition  of  1885,  states  that  a  spirit  level  is  "  a  glass 
tube  having  a  slight  curvatui-e,  convex  upwards." 

Loomis,  on  page  4-4  of  the  edition  of  1882,  describes  the  spirit 
level  as  ,L  a  Lilass  tube  apparently  cylindrical,  but  really  a  portion  of  a 
ring  of  very  large  radius." 

The  above  is  about  all  the  information  to  be  found  on  the  subject  of 
the  bubble  tube  in  the  books  mentioned. 

Heather  in  his  very  useful  book  on  Mathematical  Instruments,  edition 
of  1880,  page  10,  describes  the  spirit  level  "  as  a  glass  tube  differing 
"  from  the  cylindrical  form  by  having  its  diameter  largest  in  the  middle 
"  and  decreasing  slightly  and  with  great  regularity  from  the  middle  to 
"  the  ends  ;  "  he  also  gives  very  good  criteria  of  a  good  level  tube  taken 
from  Pearson's  Astronomy,  as  well  as  the  method  of  adjusting  a  Dumpy 
with  three  pegs,  but  does  not  explain  the  reason  for  each  part  of  the 
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adjustment.  Indeed  the  speaker  has  never  seen  any  explanation  of  the 
adjustment  of  the  cross  hairs  by  this  method  in  any  book,  and  had  his 
attention  first  called  to  that  subject  by  his  old  friend  and  college  class 
fellow,  Mr.  H.  B.  Hollinshead,  a  member  of  the  Society. 

In  mentioning  the  correction  of  the  cross  hairs  Eankine  quotes  Pro- 
fessor Blood  of  Queen's  College,  G-alway,  as  proving  that  "  the  exact 
"  coincidence  of  tbe  cross  wires  with  the  axis  of  the  telescope  tube  is  not 
"  absolutely  essential  to  accurate  levelling."  See  page  84  of  edition  of 
1885.  It  should  be  noted  here  that  he  calls  the  line  of  collimation  the 
"  axis  of  the  telescope." 

Professor  Blood's  proof  is  as  follows : — 


"  Let  A  A  (Fig.  1)  be  a  section  of  the  object  glass,  B  C  the  axis  of 
''  the  telescope  tube,  and  D  D  the  diaphragm.  Let  E  be  a  section  of  the 
"  horizontal  cross  hair,  not  in  the  axis  of  the  telescope  ;  then  when  the 
"  inner  tube  is  drawn  in  and  out  the  cross  hair  E  will  move  along  the 
"  line  E  F,  provided  always  that  the  maker  has  put  the  inner  tube  cor- 
"  rectly  in  its  proper  position  in  regard  to  the  outer  tuba  so  that  it  will 
"  slide  parallel  to  the  outer  tube. 

"Let  H  be  the  outer  principal  focus  of  the  object  glass,  situate  on 
"  C.  B.  Then,  since  all  rays  of  light,  whose  paths  within  the  telescope 
"  are  parallel  to  B  C,  pass  through  the  focus  H,  and  since,  for  that 
"reason,  all  possible  positions  of  E  coincide  with  the  images  of  points 
"  situate  in  one  straight  line  G  K  ;  consequently  Or  Kmay  be  regarded 
"as  the  true  line  of  collimation,  and  if  the  spirit  level  be  adjusted  so  as 
"to  be  parallel  to  that  line  correct  results  will  be  obtained  in  levelling, 
"  though  the  cross  hair  be  not  in  the  axis  of  the  telescope." 

Now  this  proof  may  have  seemed  very  satisfactory  to  Professor  Blood, 
but  the  speaker  does  not  believe  that  he  ever  did  anv  very  accurate 
levelling  with  a  level  adjusted  on  the  above  principle,  and  it  must  be 
noted  that  Professor  Blood  does  not  give  his  method  of  making  the 
bubble  tube  parallel  to  (x  K. 

In  point  of  fact  when  an  object  is  placed  at  H  (the  principal  outer 
focus)  no  image  of  it  can  ba  formed  at  any  point  on  the  line  D  D  ;   the 
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image  would  only  be  formed  at  a  point  infinitely  distant  from  the  object 
glass  A  A,  since  all  the  rays  from  II,  after  passing  through  A  A, 
become  parallel  to  II  C,  as  for  instance  the  ray  F  E. 

Indeed  an  object  must  be  placed  considerably  further  from  A  A  than 
H  in  order  that  it  should  be  seen  distinctly.  The  object  is  then  at  the 
conjugate  focal  distance  which  corresponds  to  the  position  of  the  cross 
hairs  at  which  the  object  is  clearly  seen,  and  in  that  case,  the  rays  of 
light  coming  from  the  object  are  no  longer  parallel  to  the  line  II  C  but 
converge  to  some  point  on  the  line  D  I),  which  point  should  beat  Xon 
the  line  B  C  ;  and  the  horizontal  cross  hair  shoald  correspond  with  this 
point. 

The  speaker  would  like  to  know  Professor  McLeod's  views  on  the  sub- 
ject, Professor  Blood's  proof  failing  for  the  reason,  that  an  object  cannot 
be  seen  through  the  telescope  when  it  is  at  the  principal  focal  dis- 
tance. 

The  correction  of  the  cross  hairs  in  a  Dumpy  level  by  the  three  peg, 
method,  already  referred  to,  is  intimately  connected  with  this  point 
where  Professor  Blood's  proof  seems  to  the  speaker  to  breakdown. 

In  giving  the  manner  of  correcting  and  adjusting  a  Dumpy  level  by 
the  two  peg  method  (referred  to  by  Professor  McLeod,  who  does  not 
mention  the  three  peg  method),  the  Professor  does  not  show  how  the 
proportion  of  the  error  due  to  the  cross  hairs  being  out  of  position  and 
that  due  to  the  axis  of  the  telescope  not  being  perpendicular  to  the 
spindle,  or  vertical  axis,  can  be  separated. 

By  the  three  peg  method,  as  explained  in  Heather's  book  above 
referred  to,  and  which  is  most  easily  performed  when  the  three  pegs  are 
set  exactly  level,  by  placing  the  instrument  midway  between  each  par, 
after  having  adjusted  the  bubble  so  as  to  reverse  and  thereby  made  it  at 
right  angles  to  the  axis  of  the  spindle,  the  error  due  to  each  of  the  last 
mentioned  causes  can  be  readily  ascertained.  For  if,  after  getting  the 
three  pegs  exactly  level  (and  a  stout  nail  in  the  head  of  each  will  be 
found  very  convenient  for  accurate  adjustment),  the  level  be  placed  as 
close  as  possible  to  one  of  the  pegs  and  a  reading  be  taken  on  each  peg, 
then  if  the  error  at  the  furthest  peg  be  exactly  double  of  the  error  at  the 
middle  peg.  this  error  is  due  altogether  to  the  axis  of  the  telescope  not 
being  p  irallel  to  the  bubble  and,  therefore,  not  at  right  angles  to  the 
spindle  ;  and  the  error  must  be  corrected  by  the  screws  which  connect 
the  telescope  to  the  bar  acro-s  the  top  of  the  spindle.  These  screws  are 
commonly  called  the  "body  screws."  But  if  the  discrepancy  at  the 
furthest  pcic  be  either  more  or  less  than  double  the  discrepancy  at  the 
middle  peg,  then  this  excess  or  deficiency  in  the  discrepancy  is  due  to 
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the  cross  hairs  being  out  of  position,  i.  e,,  not  in  the  axis  of  collima- 
tion. 

The  reason  why  the  error  in  reading  the  rod  caused  by  the  cross  hairs 
not  being  in  the  axis  of  collimation  is  not  directly  proportional  to  the 
distance  of  the  rod,  seems  to  the  speaker  to  be  that  in  adjusting  the 
focus  for  very  distant  objects,  again  for  objects  at  a  medium  distance 
say  of  200  feet,  and  finally  for  objects  as  close  as  can  be  distinctly  seen 
through  the  telescope,  the  eyepiece  and  with  it  the  cross  hair  is  not 
moved  out  by  an  amount  directly  proportional  to  the  distance  of  the 
object. 

The  result  of  this  is  that  the  length  of  rod,  which  can  be  seen  in  the 
field  of  view  of  the  telescope,  is  not  directly  proportional  to  the  distance 
of  the  rod. 

For  example  in  the  case  of  a  16  inch  Wye  level,  lately  used  by  the 
speaker,  at  a  distance  of  400  feet  can  be  seen  5^  feet  of  the  rod  in  the 
field  of  view ;  at  a  distance  of  200  feet,  3  feet  of  the  rod,  and  at  a  dis- 
tance of  12  feet,  only  0.26  feet  of  the  rod  can  be  seen  in  the  field  of 
view. 

Were  these  various  lengths  of  rod  proportional  to  the  distances  at 
which  each  length  can  be  seen,  the  length  of  the  rod  which  can  be  seen 
at  200  feet  would  be  2.72  feet  instead  of  3  feet. 

JSTow  these  various  lengths  of  rod  which  can  be  soen  at  the  different 
distances  are  really  the  images  which  are  formed  at  the  diaphram  ;  and 
the  distance  between  the  cross  hairs,  which  are  supposed  to  be  out  of  the 
axis  of  collimation  and  this  axis,  is  projected  with  its  constant  distance 
on  these  various  images,  and  since  these  images  are  of  different  but  not 
proportional  lengths  of  rod,  it  follows  that  this  constant  distance,  between 
the  position  of  the  cross  hair  and  the  axis  of  collimation,  will  cover  a  dif- 
ferent length  of  rod  at  each  distance  which  will  be  practically  propor- 
tional to  the  length  of  rod  which  can  be  seen  in  the  field  of  view;  and 
since  this  latter  length  is  not  directly  proportional  to  the  distance  of  the 
rod,  it  follows  that  the  error  in  reading,  due  to  the  cross  hairs  not  being 
in  the  axis  of  collimation,  will  also  not  be  directly  proportional  to  the 
distance  of  the  rod.  These  remarks  regarding  the  method  of  discover- 
ing and  cerrecting  the  error  due  to  the  cross  hairs  not  being  in  the  line 
of  collimation  are  intended  to  apply  to  the  three  peg  method  of  adjust- 
ment, which  the  speaker  believes  to  be  the  most  direct  and  satisfactory 
manner  of  adjusting  a  Dumpy  level. 

Different  levels  will  of  course  not  give  the  same  difference  in  error  at 
the  same  distance  of  the  rod,  even  though  the  error  in  position  of  the 
cross  hairs  be  the  same  in  all. 
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In  the  case  of  the  Wye  level  already  referred  to,  the  difference 
between  the  focal  Length  for  extreme  distance  and  that  for  objects  at  12 

feet  distant  is  only    1^-  inches. 

On  the  other  hand,  the  speaker  found  in  using  the  Dumpy  level,  which 
has  a  1|-  inch  object  glass  of  18  inch  focal  length  for  extreme  distance 
ami  a  magnifying  power  of  40,  that  after  reading  the  rod  at  about  500 
feet  it  was  only  necessary  to  push  out  the  tube  about  ,:V.  of  an  inch  to 
read  the  rod  at  250  feet,  while  to  read  it  at  about  10  feet  away  the  tube 
had  to  be  pushed  out  about  3^  inches. 

In  an  ordinary  American  Wye  level  the  extreme  length  of  the  adjust- 
ment for  focus  is  generally  about  U-  inches. 

While  adjusting  the  18  inch  Dumpy  level  already  referred  to,  the 
speaker  found  that  in  correcting  the  cross  hairs,  moving  them  enough 
to  make  a  difference  of  two  hundredths  at  500  feet  made  very  little 
difference  at  250  fe<  t  due  to  the  small  change  in  the  focal  length  for  the 
two  distances,  while  there  was  no  perceptible  change  in  the  reading 
oftherodat  10  feet  away,  which  practically^  at  least,  confirms  the 
theory  of  the  correction  of  the  cross  wires  before  alluded  to,  and  seems 
completely  to  refute  the  argument  of  Professor  Blood. 

It  might  be  mentioned  that  the  level  above  referred  to  has  a  sensitive 
bubble,  the  scale  value  being  about  —  of  an  inch  in  400  feet  or  5 
seconds  per  division. 

Professor  McLeod  gives  a  "  second  method  "  of  getting  the  true  dif- 
ference in  level  between  two  points  which  is  new  to  the  speaker  ;  it 
reminds  him  of  a  method  followed  by  some  instrument  makers  in  adjust- 
ing Dumpy  levels.  They  set  up  a  Wye  level,  adjust  it,  measure  the 
height  of  the  object  glass  above  the  floor,  mark  a  point  on  a  wall  or  other 
distant  object  coincident  with  the  cross  hairs,  and  then  set  a  Dumpy  level 
where  the  Wye  level  was  set  up,  get  it  levelled  with  the  centre  of  its 
object  glass  at  the  same  height  above  the  floor  as  the  Wye  level  was, 
and  then  make  the  cross  hair  of  the  Dumpy  cut  the  same  mark  as 
made  from  the  Wye  level. 

The  speaker  does  not  altogether  agree  with  Professor  McLeod  as  to 
the  time  taken  to  correct  a  level  by  the  indirect  method  as  compared 
with  the  time  required  to  adjust  it  by  the  direct  method. 

Probably  in  the  case  of  a  very  sensitive  bubble  the  indirect  would  be 
about  as  long  as  the  direct  method.  The  speaker's  experience  is  that  it 
takes  a  very  short  time  to  adjust  the  bubble  of  an  ordinary  level,  and  it 
certainly  takes  a  much  shorter  time  to  adjust  the  cross  hairs  and  the 
telescope  axis  of  a  Wye  level  than  those  of  a  Dumpy. 

The  speaker  does  not  agree  with  Professor  McLeod  where  he  says 
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that  in  the  direct  method  only  one  of  the  two  adjustments  need  be  made, 
and  that  adjustment  should  be  preferably  that  of  the  reticule.  He 
is  of  opinion  that  in  the  direct  method  three  pegs  should  be  used, 
and  both  of  the  above  adjustments  made  by  the  means  already  des- 
cribed ;  at  any  rate  the  part  of  the  error  due  to  the  cross  hairs  being 
out  of  the  axis  of  collimation  should  be  corrected  by  moving  the  cross 
hairs  ;  and  the  part  of  the  error  due  to  the  telescope  tube  being  not 
parallel  to  the  bubble  should  be  corrected  by  adjusting  the  tube. 

The  speaker  has  had  practical  experience  of  the  fact  mentioned  by 
Professor  McLeod,  that  even  after  correcting  a  Wye  level  by  the  direct 
method,  it  may  still  be  out  of  adjustment  in  the  Y's. 

He  quite  agrees  with  Professor  McLeod  as  to  his  preference  for  the 
Dumpy  over  the  Wye  level,  more  especially  the  American  make  of  the  lat- 
ter, in  which  the  parallel  plates  are  detached  from  the  spindle  each  time  the 
l'jvel  is  put  into  its  box.  This  is  the  worst  feature  in  a  Wye  level,  as  the 
screw  used  to  clamp  the  spindle  into  place  seems  to  throw  the  instrument 
more  or  less  out  of  adjustment  every  time  it  is  taken  out  of  the  box. 
And  as  for  <|uickness  of  adjustment,  though  the  speaker  believes  that  an 
ordinary  Wye  level  can  be  adjusted  more  readily  by  the  indirect  method 
than  an  ordinary  Dumpy  can  by  the  three  peg  direct  method,  yet  the 
former  recpiires  to  be  adjusted  about  ten  times  as  often  as  the  latter. 
With  regard  to  the  error  sometimes  due  to  the  inner  tube  not  sliding  in 
the  line  of  sight,  the  speaker  considers  the  stout  tubes  used  by  American 
makers  to  be  much  better  than  the  thin  tubes  of  English  made  levels, 
since  it  is  almost  impossible  to  turn  the  thin  tubes  sufficiently  true  to 
ensure  their  fitting  properly  one  within  the  other.  He  has  been 
informed  by  an  instrument  maker  that  the  best  plan  of  turning  the  tubes 
is  to  leave  a  slightly  thicker  collar  on  the  outside  at  the  end  of  the  inner 
tube  furthest  from  the  eyepiece,  and  a  similar  collar  on  the  inside  of  the 
outer  tube  at  the  end  furthest  from  the  object  glass.  It  would  seem  that 
in  this  case  the  inside  tube  would  have  to  be  put  into  position  by  taking 
out  the  object  glass  and  putting  the  inner  tube  in  at  that  end. 

With  regard  to  the  object  glass  cell  becoming  loose  in  the  tube,  the 
speaker  remembers  some  years  since  an  occasion  on  which  a  transit 
man  ran  a  flat  curve  in  place  of  a  straight  line,  through  the  object 
glass  not  being  screwed  tightly  into  place. 

In  regard  to  construction  of  levels,  one  point  to  be  attended  to  is 
the  length  of  the  spindle.  This  is  usually  about  two  and  one  half  inches, 
but  with  a  sensitive  level  tube  of  say  a  scale  value  of  about  6"  per  divi- 
sion the  spindle  would  work  better  if  it  were  an  inch  longer.  It  is  also 
important  to  see  that  the   socket  of  the  ball  and  socket  joint  does  not 
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work  tight  and  bind  on  the  end  of  the  spindle  so  as  to  make  the  telescope 
turn  round  stiffly  when  the  instrument  is  set  up  in  a  crooked  position. 
The  speaker  has  experienced  trouble  with  a  level  from  this  cause. 

The  speaker  fully  agrees  with  Professor  McLeod's  opinion  that  it  is 
better  to  have  an  over-sensitive  level  than  one  that  is  under-sensitive. 
With  a  very  sensitive  one,  accurate  work  can  be  done  when  necessary; 
and  when  no  great  accuracy  is  required  the  bubble  need  not  be  levelled 
too  carefully. 

It  is  doubtful  whether  a  higher  power  than  30  could  be  used  with  a 
fourteen  inch  telescope  and  a  one  and  a  half  inch  object  glass,  that  is  by 
persons  of  average  power  of  sight, 

The  speaker's  experience  in  using  an  18  inch  Dumpy  with  a  one  and 
seven  eighths  inch  object  glass  is  that  a  power  of  40  is  as  high  as  can  be 
used  except  in  very  clear  weather.  It  must  be  remembered  that  any 
haziness  or  refraction  due  to  moisture,  or  unequal  heating  of  the  air, 
renders  it  very  difficult  to  see  with  a  high  power.  Why  erecting  eyepieces 
are  put  into  Wye  levels  the  speaker  cannot  understand- 

With  regard  to  reciprocal  levelling  for  transferring  levels  across  a  wide 
river  or  a  ravine  ;  if  the  instrument  be  in  fair  adjustment,  it  would  seem 
to  be  as  handy  to  get  a  reading  on  a  point  (A)  close  to  the  level  and 
then  one  on  the  opposite  side  on  a  point  (B),  then  to  go  over  close  to  B 
and  read  A  and  B  again,  as  to  make  use  of  the  method  described  by 
Professor  McLeod. 

It  may  be  of  interest  to  explain  how  the  error  due  to  curvature  is 
eliminated  by  reciprocal  levelling. 

This  may  be  done  as  follows,  viz  : 

Suppose  that  the  height  of  instrument  when  set  near  A  be  93.65,  that 
the  reading  of  the  rod  on  A  be  6.37  and  on  B  be  5.25,  this  would  give 
for  the  elevation  of  A  87.28  and  for  that  of  B  88.40  ;  but  since  the  level 
really  gives  the  line  of  a  tangent  to  the  earth's  surface  at  A,  the  reading 
at  B  will  be  too  great,  and  therefore  B  will  appear  too  low.  Let  this 
error  due  to  curvature  be  0.02  feet,  then  the  reading  at  B  should 
have  been  5.23  and  the  elevation  of  B  should  be  88.42  instead  of  88.40. 

Now  on  going  over  near  to  B  let  the  reading  on  A  be  7.89,  then 
assuming  an  error  due  to  curvature  of  0.02  feet  and  no  error  due  to 
refraction,  the  reading  on  B  will  be  6.73  and  the  respective  elevations  of 
A  and  B  will  be  87.28  and  88.44  ;  the  height  of  instrument  taken  from 
the  reading  on  B  being  95.17.  But  on  account  of  the  error  of  0.02 
due  to  curvature,  the  second  reading  at  A  should  have  been  7.87  instead 
of  7.89,  this  would  change  the  height  of  instrument  to  95.15,  and  would 
give  87.28  and  88.42  as  the  elevations  of  A  and  B  respectively. 
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In  such  a  case  the  level  book  would  read  somewhat  as  follows,  viz 


Instrument  near   A 


STATION' 

A 
B 


ROD 

G.37 
5.25 


HEIGHT   OF   IN. 

93.65 


_„    Reading  on  B  should  be   5.23  Elevation 


Instrument  near    B 


A 
B 


7  89 
6.73 


95.17 


Reading  on  A  should  be        7-87       95.15 


elev. 
87.28 
88.40 
88.42 
87.28 
88.44 
88.42 


88.40 


88.44 


176.84 


Mean  of  the  two  elevations  of  B  being  the  correct  elevation  88.42 

Since  the  error  due  to  refraction,  though  different  in  kind,  may  be  elimi- 
nated by  the  same  method  if  the  readings  be  taken  as  quickly  as 
possible  so  as  to  get  the  same  refraction  in  both  cases  ;  or,  better  still,  if 
two  levels  be  used  and  the  readings  across  the  river  or  ravine  be  taken 
at  the  same  time,  it  would  seem  as  if  it  were  a  better  method  than  that 
practised  by  some  engiDeersof  reading  across  the  river  and  then  reading 
the  rod  at  the  same  distance  along  the  bank  of  the  river,  and  then 
checking  this  latter  reading  by  levelling  over  the  same  distance  with  short 
sights,  for  in  this  latter  case  it  is  sometimes  impossible  to  obtain  a  reading 
along  the  bank  at  the  same  distance  as  across  the  river,  and  besides  in 
reading  along  the  bank  the  refraction  is  not  at  all  the  same  as  in  reading 
across  a  river. 

Since  refraction  has  been  alluded  to,  and  since  it  may  cause  consider- 
able errors  in  levelling  across  wide  rivers,  it  may  be  of  interest  to  give 
the  method  of  ascertaining  the  error  due  to  that  cause  which  was  used 
by  General  Roy  on  the  Trigonometrical  Survey,  It  is  as  follows, 
viz : 

In  the  diagram  (Fig.  2),  let  C  represent  the  centre  of  the  earth,  A 
and  B  the  true  places  of  two  stations  above  the  surface  SS;  AD  and 
B  O  horizontal  lines  at  right  aDgles  to  the  radii  A  C  and  B  C  ;  a  and  b 
the  apparent  places  of  A  and  B. 

In  the  quadrilateral  AEBC,  the  angles  at  A  and  B  are  right  angles 
therefore  the  sum  of  the  angles  at  E  and  C  are  equal  to  two  right  angles 
and  also  equal  to  the  three  angles  A,  E  and  B  of  the  triangle  AE  B  ; 
taking  away  the  angle  E  common  to  both,  the  angle  C  or  the  arc  SS, 
remains  equal  to  E  A  B  +  E  B  A,  or  in  other  words,  the  sum  of  the  reci- 
procal depressions  below  the  horizontal  lines  A  D  and  B  0,  repre- 
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sented  by  the  angles  E  A  B  +  E  B  A,  would  be  equal  to  the  contained 
arc  if  there  were  no  refraction.  But  a  and  b  being  the  apparent  places 
of  the  objects  A  and  B,  the  observed  angles  of  depression  will  be  D  A 
b  and  0  B  a ;  therefore  their  sum  taken  from  the  angle  C  (the  contained 
arc  of  distance)  will  leave  the  angles  b  A  B  and  a  B  A  the  sum  of  the 
two  refractions  ;  hence  supposing  half  that  sum  to  be  the  true  refraction, 
we  have  the  following  rule  when  the  objucts  are  reciprocally  depressed  : 
Subtract  the  sum  of  the  two  depressions  from  the  contained  arc,  and  half 
the  remainder  is  the  mean  refraction. 

If  one  of  the  points  B,  instead  of  being  depressed,  be  elevated  suppose 
to  the  point  g,  the  angle  of  elevation  being  g  A  D,  then  the  sum  of  ihe 
two  angles,  e  A  B  and  e  B  A  will  be  greater  than  E  A  B  +  E  B  A  (the 
angle  C,  or  the  contained  arc)  by  the  angle  of  elevation  eAD;  but  if 
from  e  A  B  4  e  B  A,  we  take  the  depression  O  B  a,  there  will  remain  e 
A  B  +  a  B  A,  the  sum  of  the  two  refractions ;  the  rule  for  the  mean 
refraction  then  in  this  case  is  :  Subtract  the  depression  from  the  sum  of 
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the  contained  arc  and  the  elevation  and  half  the  remainder  is  the  mean 
refraction. 

The  distance  between  the  points  A  and  B  being  known,  the  angle  C 
can  easily  be  found,  since  the  mean  value  of  the  length  of  the  arc  on  the 
earth's  surface  subtended  by  an  angle  of  one  second  at  the  centre  is 
101.42  feet. 

In  levelling  operations  the  angles  of  elevation  and  depression  above 
referred  to  can  be  calculated  from  the  observed  differences  of  level  and 
the  distance  between  the  points. 

The  error  of  0.02  feet  between  the  lengths  of  two  14'  levelling  rods, 
referred  to  by  Professor  McLeod,  would  make  no  practical  difference  in 
ordinary  laiiway  work,  provided  the  error  was  evenly  distributed  over 
the  rod,  and  that  the  same  rod  were  used  throughout  the  work ;  except 
where  a  steep  and  high  hill  had  to  be  levelled  over,  and  even  then  in 
goin»  up  240  feet,  say  with  20  shifts  of  the  level,  the  error  would  only 
be  about  5  inches,  which  would  be  spread  over  about  three  miles  of 
pretty  stiff  grades. 

As  regardserrors  from  not  holding  the  rod  vertically,  the  speaker  pre- 
fers to  have  his  rodman  stand  at  right  angles  to  the  line  of  sight  instead 
of  facing  the  level.  In  this  way  the  rodman  can  see  if  the  rod  be  ver- 
tical in  the  plane  of  the  line  of  sight,  and  the  leveller  can  see  if  it  be 
vertical  in  the  plane  square  to  the  line  of  sight.  Probably 'for  accurate 
levelling  some  form  of  rod  level  which  can  be  readily  adjusted  would 
be  useful.  The  speaker  would  like  to  see  a  series  of  levels  carried 
across  the  country  under  the  control  of  the  Government. 

Mr  Robertson  ^he  author's  preference  for  the  "Dumpy  "  level  is  the  usual  conclusion 
arrived  at  by  engineers  familiar  with  the  use  of  both  forms.  Still  the 
English  tripod  which  is  usually  attached  to  this  instrument  is  a  decided 
drawback. 

In  tlankine's  Civil  Engineering  it  is  demonstrated  that  the  exact 
coincidence  of  the  cross  hairs  with  the  axis  of  the  telescope  is  not  essen- 
tial to  accurate  levelling.  Still  it  seems  that  if  the  direct  method  of 
adjusting  a  Wye  level  be  followed  as  described  in  this  paper,  there  is  a 
possibility  of  the  cross  hairs  being  moved  far  from  the  axis  of  the  tele- 
scope, according  to  the  position  in  which  the  bubble  tube  may  be  found. 

The  sentence  referred  to  is  :  "In  the  essential  adjustments  by  the 
indirect  method,  both  may  require  correction,  whereas  in  the  direct 
method  only  one  of  them — preferably  the  reticule — need  be  moved." 

Now,  supposing  some  mischievous  person  had  screwed  up  one  end  of 
the  bubble  tube,  it  would  not  be  readily  noticed  on  a  Wye  level,  for  there 
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are  no  bearing  blocks.  You  would  proceed  to  adjust  the  cross  hairs  as 
directed  to  bring  the  line  of  Bight  parallel  to  the  bubble  axis,  and  thereby 
shift  the  cross  hairs  far  from  the  axis  of  the  telescope. 

It  appears  to  the  writer  that  in  order  to  iusuro  the  cross  hairs  remain- 
ing approximate  to  the  axis  of  the  telescope,  in  the  case  of  the  Wye  level, 
whether  adjusting  by  direct  or  by  indirect  method,  the  cross  hairs  should 
be  centred  first,  by  revolving  the  telescope  in  it>  bearings,  and  then  the 
bubl>l>'  axis  brought  parallel  to  the  line  of  sight ;  whereas  with  tie  Dumpy 
the  bubble  tube  should  be  screwed  down  to  the  blocks  at  both  ends,  which 
is  its  most  secure  position,  and  then  the  line  of  sight,  brought  parallel  to 
the  bubble  axis  by  moving  the  cross  hairs. 

In  comparing  the  direct  with  the  indirect  method  of  adjusting  a  Wye 
level,  the  author  will  probably  have  everyone  with  him  as  to  the  greater 
accuracy  of  the  former  ;  but  as  to  the  saving  of  time  the  writer  has  tried 
to  prove  that  there  should  not  be  the  saving  of  the  adjustment  of  one 
set  of  screws,  and  there  is  also  the  consideration  that  the  indirect  method 
may  be  practiced  under  shelter  from  wind,  sunshine,  rain,  and  above  all 
w  ith  warm  tinkers. 

Professor  McLeod,  in  reply,  said  that  Professor  Johnson's  suggestion  of  p,-,,f.  McLaod. 
a  method  of  establishing  the  most  probable  values  of  bench  marks  in*"the 
system  of  levels  of  a  city  is  an  exceedingly  valuable  ore,  and  will  no 
doubt  be  taken  advantage  of  by  our  city  engineers. 

Referring  to  Mr.  Irwin's  remarks,  the  author  does  not  understand 
how  Professor  Blood's  demonstration  has  survived  through  the  many 
editions  of  Rankine's  Civil  Engineering.  Referring  to  the  diagram  en 
page  312,  Professor  Blood's  statement,  that  all  points  on  the  line  G II  will 
form  an  image  somewhere  on  the  line  F  E,  is  perfectly  correct,  but  this 
does  not  constitute  G  H  the  line  of  sight.  For  any  given  position, 
the  line  of  sight  will  be  from  a  point  on  G  H  through  the  centre  of 
the  lens  to  a  point  on  F  E.  For  any  other  position  on  G  II  the  line  of 
sight  will  also  pass  through  the  centre  of  the  lens  to  a  point  on  the 
line  F  E.  There  will  consequently  be  an  angle  between  these  two 
lines  of  sight,  and  if  the  axis  of  the  level  be  parallel  to  one  of  them> 
it  cannot  be  parallel  to  the  other  ;  and  hence,  theoretically,  no  perfect 
condition  of  adjustment  can  exist  when  the  cross  hairs  are  not  in  the 
axis  of  the  instrument.  It  is,  however,  perfectly  true  that  the  extent 
of  the  deviation  from  horizontality  of  the  line  of  sight,  on  change  of 
focus  due  to  the  non-coincidence  of  the  line  of  sight  with  the  optical 
axis  of  the  instrument,  is  very  trifling  in  a  fairly  well  made  instru- 
ment, and   may,  when  the  adjustments   are  properly  made,    be  safely 
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neglected  in  ordinary  levelling  operations.  In  order  that  justice 
may  be  dorr1  the  maker  in  this  respect,  the  instrument  should  of 
course  first  be  made  to  "  traverse,"  or  the  bubble  to  retain  approx- 
imately a  central  position,  while  the  instrument  is  turned  through 
180°.  But  this  is  the  very  condition  which  we  are  told  is  unnecessary. 
Any  one  having  a  level  and  a  spare  hour  may  easily  satisfy  himseli  <>n 
this  point,  experimentally.  Let  him  first,  while  the  instrument  is  in  its 
normal  condition  of  adjustment,  make  readings  on  points  at  different 
distances ;  then  throw  the  cross  hairs  out  of  position,  to  their  extreme 
limit,  and  bring  the  level  axis  parallel  to  the  line  of  sight.  On  repeat- 
ing the  readings  on  the  same  points  as  formerly,  the  different  condition 
of  adjustment  will  be  obvious. 

Intending  only  to  touch  lightly  on  the  matter  of  adjustment,  the 
author  has  unfortunately  neglected  to  state  specifically  how  this  con- 
dition of  adjustment  may  be  examined  in  the  Dumpy.  One  of  the 
special  advantages  of  the  method  of  adjustment  which  he  has  recom- 
mended— the  "reciprocal"  method — is  that  it  admits  of  this  test  being 
applied  by  afterwards  setting  the  instrument  back  at  a  considerable 
distance  from  one  of  the  pegs  in  a  line  with  the  other,  and  again  read- 
ing the  rod  on  the  pegs.  Any  discrepancy  discovered  in  the  readings 
will  be  due  to  the  lack  of  coincidence  of  the  optical  axis  of  the  telescope 
with  the  line  of  sight,  in  the  two  positions  of  the  draw  tube.  The 
three  peg  method  mentioned  by  Mr.  Irwin  accomplishes  the  same  object, 
but  at  a  sacrifice  of  time.  The  author  wishes  to  insist,  however,  that 
this  is  not  in  the  ordinary  sense  an  adjustment,  and  need  oniy  be 
applied  as  a  test  of  workmanship  after  purchase  or  repairs. 

The  matter  of  length  of  time  occupied  in  adjusting  the  different 
classes  of  instruments  is  entirely  a  question  of  experience.  What  the 
author  has  stated  is  his  experience.  The  statement  that  the  reticule 
only  need  be  moved  in  the  adjustment  of  the  Dumpy  was  made  for  the 
reason  that — as  already  stated — it  is  not  essential  for  ordinary  work  that 
the  bubble  should  remain  absolutely  central  while  the  instrument  is 
revolved  about  its  vertical  axis,  and  that  in  a  good  instrument  the  level 
tube  usually  retains  its  adjustment  with  sufficient  accuracy  to  prevent 
the  necessity  of  change.  The  statement  in  the  text  should,  however, 
have  been  qualified  in  this  sense.  It  has  been  already  shown  that  the 
use  of  three  pegs  is  unnecessary,  and  the  author  quite  admits  that  the 
Wye  level  can  be  adjusted  in  less  time  than  can  the  Dumpy  by  the 
three  peg  method,  but  he  never  contemplated  using  three  pegs. 

As  to  the  uses  of  higher  powers  on  levels,  it  need  only  be  stated  in 
reply  that  powers  of  45  or  over  are  constantly  used  on  1|  in.  object 
glasses  in  precise  levelling  operations. 
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In  this  discussion  we  may  have  to  some  extent  strained  at  gnats,  but 
the  author  really  has  no  intention  of  swallowing  the  large-sized  camel 
which  Mr.  Irwin  has  laid  down  as  an  article  of  ordinary  railroad  diet — 
a  fourteen  foot  rod,  measuring  14.02  feet.  Should  a  new  engineer 
with  a  correct  rod  appear  on  the  scene,  what  would  an  unfortunate 
contractor,  who  might  be  called  upon  to  take  an  extra  five  inch  cut 
from  the  bottom  of  a  "  whin  "  rock  cutting,  have  to  say  about  this 
matter  ? 

Mr.  Robertson,  in  his  remarks,  has  also  pushed  the  wording  of  the 
paper  to  an  extreme  of  sense.  No  person  worthy  of  the  position  of  level- 
ler could  be  "  taken  in"  by  the  "  i-mall  boy  "  in  the  way  he  suggests. 
As  a  matter  of  course  any  leveller  would  examine  the  level  to  see  that 
the  bubble  remained  approximately  in  position  before  adjusting,  and 
under  the  ordinary  conditions  of  use  it  will  be  found  to  keep  this  con- 
dition sufficiently  well  to  admit  of  the  most  accurate  adjustment  *  for 
all  positions  of  focus  by  simply  moving  the  cross-hairs. 

*  It  sometimes  happens  that  from  imperfect  workmanship  the  draw  tube  is  not 
straight  or  of  perfectly  circular  form  throughout.  In  such  a  case  perfect  adjustment 
for  all  positions  of  focuois  of  course  impossible- 
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Paper  No.  46. 

CABLE  RAILWAYS. 

By  P.  H.  Middleton,  Stud.Can.Soc.C.E. 

Haulage  by  wire  cables  has  of  late,  years  come  into  somewhat  extended 
use  in  many  different  forms,  and  for  many  different  purposes  ;  but 
in  this  paper  it  is  intended  to  treat  only  of  the  application  of  the  endless 
cable  system  to  the  traction  of  street  railway  cars.  San  Francisco  was 
the  nursery  from  which  this  method  of  transit  emanated,  for,  in  1873, 
that  city  boasted  its  first  cable  road  in  active  operation,  and  succeeding 
years  have  seen  the  number  steadily  increasing,  until,  in  1888,  the  sys- 
tem had  been  adopted,  not  only  in  several  of  the  large  cities  of  the 
United  States,  but  in  Melbourne  and  Sydney,  Australia,  and  in  London, 
Edinburgh  and  Birmingham,  Great  Britain,  while  the  number  in  San 
Francisco  itself  had  increased  to  seven. 

The  advantages  claimed  for  the  cable  system  of  street  railways  may 
be  classed  as  follows  : — 

1st.  The  steepest  grades  are  as  easily  worked  as  levels  ; 

2nd.  The  easy  manipulation  of  the  cars,  the  stopping  and  starting 
being  effected  quickly  and  without  shock ; 

3rd.  Uniformity  of  running  speed.  The  rate  most  suitable  for  any 
district  and  any  service  can  be  established  and  maintained  with  regu- 
larity ; 

4th.  The  capacity  may  be  very  largely  increased  at  a  very  small 
additional  cost ; 

5th.  The  cleanliness  of  the  track  and  greater  comfort  to  passengers  ; 

6th.  Low  cost  of  management  and  running  expenses. 

With  regard  to  gradients,  the  cable  system  of  haulage  reaches  far 
beyond  the  capacities  of  any  other  method.  Streets,  where  the  grades 
are  so  steep  that  the  use  of  horse  cars  is  either  too  expensive  or  alto- 
gether impossible,  can  be  served  with  cable  cars  as  cheaply  as  on  the 
level,  thus  meeting  the  public  requirements  in  this  direction,  in  locali- 
ties which  would  otherwise  never  receive  any  such  accommodation. 
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There  are  cable  roads  in  operation  in  San  Francisco,  having  grades  of 
1  in  6,  and  one  in  Los  Angeles  with  a  grade  of  1  in  5.  In  the  matter 
of  curves  there  is  no  difficulty  whatever,  as  street  corners  can  be 
turned  as  readily  with  the  cable  as  with  horse  cars.  Lines  can  v 
crossed  for  serving  streets  at  right  angles  to  each  other,  by  placing  one 
conduit  below  the  other  ;  and  switching  from  one  line  to  another  may 
also  be  accomplished  with  facility.  The  -Market  street  cable  road,  San 
Francisco,  is  a  good  example  of  what  can  be  done  in  this  direction. 
By  referring  to  Figure  1,  Plate  X,  it  will  be  seen  that  there  are  four 
separate  cables  driven  from  one  station,  and  operating  different  streets  ; 
two  of  them  being  cross  or  side  streets  in  connection  with  the  main  or 
Market  street  line  from  and  to  which  the  cars  are  switched  as  required. 
An  auxiliary  cable  is  necessary  to  take  the  cars  from  Valencia  street 
round  the  large  curve  across  the  main  cables  to  and  from  Market  street. 
The  connection  between  cars  and  cable  is  effected  by  means  of  a  gripping 
device,  one  of  the  most  important  and,  as  it  at  first  proved,  one  of  the 
most  difficult  features  of  the  system  to  work  out  in  detail.  It  was 
considered  by  the  early  designers  that  a  rolling  grip  was  a  necessity, 
hence  the  first  grip  used  was  constructed  with  that  idea  in  view,  as 
illustrated  in  Fig.  2,  Plate  X.  This  type  proved  very  inefficient,  and 
was  abandoned  for  the  sliding  grip,  Fig.  3,  Plate  X,  which  has  been 
found  not  to  injure  the  cable  to  any  serious  extent,  as  was  formerly 
feared .  There  are  many  different  forms  of  grip  in  use,  more  or  less 
simple  in  detail,  and  having  more  or  less  gripping  power,  but  all  fairly 
efficient  and  easily  worked.  The  absence  of  shock  in  starting, 
promptness  in  stopping,  and  the  general  ease  with  which  the  cars  may 
be  handled,  are  strong  recommendations  for  the  system  for  passenger 
service. 

Figs.  4  and  5,  Plate  X,  show  a  method  in  which  the  jaws  of  the 
grip  are  closed  by  raising  the  rollers  RR  against  the  inclined  backs 
of  the  jaws,  thus  forcing  them  upon  the  cable. 

Figs.  6  and  7,  Plate  X,  show  the  "  Vogel"  grip,  which  is 
operated  by  short  levers  or  toggles,  thus  causing  the  jaw  BB  to 
revolve  around  a  centre  pin  and  close  on  the  cable. 

Fig.  3,  Plate  X,  gives  yet  another  style,  the  cable  is  supported 
by  rollers  at  C  C,  and  the  jaws  DD  are  closed  by  rods  connected  with 
working  lever. 

Cable  roads  can  be  run  at  a  very  much  higher  rate  of  speed  than 
horse  cars — a  common  speed  being  8  miles  per  hour,  while  in  the  sub- 
urbs, where  traffic  is  not  so  great,  13  miles  is  sometimes  adopted.  The 
system  also  offers  great  facilities  for  accommodating  the  fluctuation  of 
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traffic  at  different  hours  of  the  day,  more  cars  being  added  as  required 
without  any  additional  cost  beyond  a  slightly  increased  demand  upon 
the  coal  pile. 

The  absence  of  smoke,  ashes  and  noise  attendant  upon  the  use  of  loco- 
motives, worked  either  by  steam  or  compressed  air,  and  the  noise  and 
dirt  and  general  diaagreeableness  of  horse  cars,  renders  the  application 
of  the  cable  system  to  passenger  traffic  an  extremely  desirable  feature 
in  the  economy  of  modern  cities. 

The  cable  system  consists  mainly  of  an  endless  wire  rope,  driven  by 
a  stationary  engine  at  any  convenient  point  on  the  line,  placed  in  an 
underground  tube,  and  supported  at  intervals  upon  light  sheaves.  Along 
the  top  side  of  the  tube  runs  a  narrow  slot,  varying,  on  different 
roads,  from  £  "  to  £■  "  in  width. 

The  road-bed  is  the  principal  feature  of  the  cable  system,  one  upon 
which  the  engiueer  is  called  to  expend  his  utmost  care  and  ingenuity, 
not  only  in  the  selection  of  the  place  but  also  in  every  detail  of  the 
work.  It  is  by  far  the  most  expensive  item,  costing  from  $80,000  to 
$100,000  per  mile,  although  when  in  operation  the  running  expenses 
amount  only  to  8c.  or  9c.  per  car  mile,  while  those  of  electric  roads  vary 
from  12c.  to  16c.  per  car  mile.  The  tubes  or  conduits  are  made  of 
greater  or  less  depth  and  size,  to  suit  the  nature  of  the  ground  and 
climate,  as  they  must  also  act  as  drains  to  carry  off  such  water  as  may 
find  its  way  into  them.  Frames,  to  carry  guide  pulleys,  are  built  in 
the  tube,  at  about  30  to  50  feet  apart,  and  man-holes  are  provided  at 
each  such  place  to  admit  of  the  sheaves  being  oiled  and  renewed. 

The  track  is  rigidly  connected  to  these  frames  and  to  the  slot  irons, 
to  ensure  their  maintaining  always  the  same  relative  position.  Figs. 
8,  9,  10,  11,  12  and  13,  Plate  X,  show  some  examples  of  roadways 
and  conduits,  to  which  reference  will  be  made  later  on. 

The  cables  used  are  the  ordinary  wire  rope,  generally  of  crucible 
steel,  as  being  the  most  durable,  and  vary  slightly  in  size  from  3  "  to 
4  "  circumference,  according  to  their  length  and  the  amount  of  traffic 
expected.  Some  lines  run  as  much  as  5  miles  of  cable  in  one  length,  at 
speeds  varying  from  6  to  13  miles  per  hour.  The  life  of  a  cable  is  from 
9  months  to  2  years.  The  operating  machinery  may  be  plnced  any- 
where on  the  line,  a  matter  of  great  importance  in  working  the  busi- 
ness parts  of  large  cities,  as  the  necessity  for  purchasing  expensive  sites 
is  thus  avoided.  The  driving  machinery  is  of  a  very  simple  character, 
consisting  in  the  main  of  a  pair  of  horizontal  engines,  geared  simply 
on  to  a  large  sheave  or  drum.  Sometimes  a  pair  of  such  sheaves  are 
used,  round  which  the  cable  passes  two  or  more  times,  according  to  the 
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degree  of  tension  required  for  hauling  the  traffic  of  that  particular 
road.  The  grooves  of  these  driving  sheaves  are  liable  to  unequal 
wear,  and  heDce  a  differential  action  is  established,  tending  to  strain  the 
cable  to  breaking.  To  remedy  this  difficulty  a  patent  sheave  was 
invented,  the  "  Walker "  differential  ring,  illustrated  in  Fig.  14, 
Plate  X.  It  will  be  seen  that  each  groove  is  in  a  separate  ring,  which, 
being  driven  by  friction,  is  free  to  move  independently  of  its  fellow, 
but  is  able  to  slip  should  the  strain  on  the  cable  become  excessive. 

Some  method  of  providing  for  the  variation  in  length  of  cable,  due 
to  changes  of  temperature,  is  also  necessary.  Some  plans  for  this  pur- 
pose are  shown  in  Figs  15,  16  and  17,  Plate  X,  that  one  which 
consists  of  two  carriages  being  preferable  to  either  of  the  others ;  the 
smaller  one  to  take  up  slack  due  to  the  temperature,  while  the 
larger  one  is  shifted  when  new  cables  are  put  in. 

CLAY  STREET  HILL  CABLE  RAILWAY. 

The  first  cable  railway  to  be  built  in  America  was  the  Clay  street 
hill  line,  in  San  Francisco,  California.  Clay  street,  for  a  long  way,  runs 
through  a  densely  populated  part  of  the  city,  and  is  only  49  ft.  wide 
from  house  to  house.  Between  the  sidewalks  there  are  two  lines  of 
gas  pipe,  one  of  water  pipe  and  a  street  sewer,  together  with  a  few 
water  cisterns  placed  at  the  street  corners.  The  power  station  is  situ- 
ated about  two-thirds  from  the  lower  end  of  the  line,  which  has  a  dou- 
ble track  of  5197  ft.  in  length  and  a  3  J  ft.  gauge.  The  ordinary  T 
rail,  weighing  30  lbs.,  is  used,  being  placed  flush  with  the  street.  The 
grades  are  very  heavy  on  this  line,  the  steepest  being  1  in  6.15.  The 
cable  is  made  of  crucible  steel  wire,  six  strands,  and  of  3Ty  circum. 
ference,  with  a  total  length  of  11,000  feet.  Pulleys  of  11  "  diam.  are 
placed  every  39  ft.  apart  along  the  tube,  and  at  the  termini  tension 
sheaves  8  ft.  in  diam.  are  used.  By  referring  to  Fig.  10,  Plate  X, 
it  will  be  seen  that  the  frame  is  made  of  cast  iron,  that  the  slot  is  \" 
wide,  being  placed  off  the  centre  to  prevent  dirt  and  sand  from  falling 
directly  upon  the  cable  and  pulley,  and  also  to  allow  the  grip  to  pass 
under  the  depression  pulleys  which  are  placed  at  the  level  crossings  of 
intersecting  streets.  The  cars  are  hauled  by  a  dummy,  to  which  the 
gripping  apparatus  and  brakes  are  attached.  The  dummy  seats  16 
passengers  and  the  cars  14,  while  they  weigh  2100  and  2800  lbs. 
respectively. 

The  power  is  supplied  by  two  engines  and  two  boilers,  one  pair 
being  held   in   reserve  in  case   of  break  downs.     The  boilers  are  54  " 
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in  diam.  by  16  ft.  long,  and  use  on  an  average  3*700  lbs.  of  coal   per 
working  day  of  17^-  hours. 

MARKET    STREET  CABLE  RAILWAY. 

Market  street  cable  railway  is  one  of  the  most  important  as  well  as 
the  most  extensive  in  San  Francisco.  The  line  extends  from  the  water 
front  along  Market  street,  which  is  one  of  the  largest  thoroughfares 
in  the  city,  being  3£  miles  long  by  120  ft.  wide. 

There  are  two  branch  lines  diverging  from  the  main  line,  which 
are  worked  from  the  same  engine  house.  Fig.  1,  Plate  X,  shows 
the  arrangement  of  station  and  cables. 

In  all  there  are  six  cables  used,  making  a  total  of  about  12  miles  of 
double  track  of  standard  gauge,  viz.,  4'  8^". 

Fig.  8,  Plate  X,  shows  section  of  the  road-bed  which  rests  upon 
concrete  piers,  measuring  10  ft.  deep  by  5  ft.  wide  by  16  in.  thick, 
placed  9  ft.  apart.  The  track,  tube,  and  steel  slot  rails  are  strength- 
ened and  held  rigidly  in  place  by  yokes  made  of  old  T  rails  and  an<_'le 
irons,  of  the  shape  shown  in  the  figure,  placed  3  ft.  apart  ;  and  concrete  is 
then  filled  in  to  form  the  tube.  The  cable  is  supported  upon  grooved 
pulleys,  15"  diam.,  situated  at  intervals  of  30  ft.,  a  manhole 
12  "  x  16  "  being  placed  directly  over  each  one.  The  cable  measures 
4 "  in  circumference  and  weighs  2^  lbs.  per  linear  foot,  while  the 
average  rate  of  speed  is  8  miles  per  hour. 

At  the  termini,  turn-tables  30  ft.  in  diam.,  with  two  sets  of  tracks, 
which  are  worked  by  the  moving  cable,  are  provided.  In  all  there  are 
three  engine  houses  on  the  line,  the  principal  one  having  a  power  of 
400  horses.  The  machinery  is  duplicated,  there  being  four  engines  in 
use  and  four  to  spare.  Fig.  9,  Plate  X,  shows  section  of  the  Suiter 
street  road-bed  which  is  somewhat  similar  to  that  on  Market  street. 
The  conduit  is  2  '  6  "  deep  by  20  "  wide. 

POWELL    STREET  CABLE  RAILWAY. 

Powell  street  line,  which  is  also  in  San  Francisco,  is  one  of  the  more 
recent  roads,  and  boasts  of  two  cable  roads  which  cross  each  other  at 
right  angles.  The  total  mileage  is  1£  of  double  track  and  5J  of  single 
of  3  ft.  6  in.  gauge.  The  line  is  operated  from  one  station  containing 
two  horizontal  high  pressure  engines  of  the  Eeynold's  Corliss  type  of 
valve  gear,  having  cylinders  22  "  in  diam.  by  48  "  stroke.  Six  tension 
reels  are  used  of  13  '  9  "  in  diam.,  placed  on  an  11  "  shaft,  each  of 
which  is   divided    into  two  prooves.     The  three  winding  drums   are  a 
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little  larger  than  the  tension  reels,  which  are  driven  by  a  14  ft.  spur 
wheel,  the  ratio  of  pinion  to  spur  wheel  being  as  2  to  7.  The  boilers, 
of  which  there  are  six,  are  54  "  diam.  by  16 '  long. 

CHICAGO  CITY    CABLE  RAILWAY. 

Chicago  City  Cable  Eailway  Co.  comprises  a  line  17  miles  long  of 
double  track,  with  a  4 '  8J  "  gauge.  In  all  there  are  seven  different 
cables,  the  longest  being  27,800  ft.  of  4  "  circumference. 

Owing  to  the  snow  and  frost  in  that  city,  the  tube  is  made  much 
deeper,  being  over  4  ft.,  while  the  cable  is  placed  about  30  in.  above  the 
bottom.  The  driving  and  angle  pulleys  are  12  ft.  in  diam.  The 
company  owns  6  engines,  4  being  used  to  work  the  road,  the  others  held 
in  reserve. 

BUTTE   CITY  CABLE  RAILWAY. 

A  cable  road  has  been  built  on  the  "  Vogel "  system  in  Butte  City, 
Montana.  The  principal  features  of  this  system  are  the  limited  use 
of  concrete  and  its  cheapness.  Figs.  11,  12  and  13,  Plate  X,  represent 
sections  of  the  road-bed. 

The  conduit  is  formed  by  a  pair  of  irons  10  //  deep,  and  in  lengths 
of  30  ft.,  rivetted  to  a  sole  plate.     See  Fig.  6,  Plate  X. 

Inside  of  this  subway  the  cable  runs,  and  is  supported  at  intervals 
of  50  ft.  upon  light  8  "  diam.  pulleys.  At  these  intervals  a  man-way 
is  built,  to  enable  the  sheaves  to  be  renewed  and  oiled.  This  man-way 
may  be  either  made  of  concrete,  as  shown  in  drawings,  or  else  of  cast 
iron,  in  which  case  it  would  become  part  and  parcel  of  the  conduit. 

The  irons  are  braced  by  stays  rivetted  to  the  ties,  which  are  placed 
about  3  ft.  apart ;  and  thus  the  track,  slot  irons  and  ties  become  one 
rigid  structure.  Fig.  7,  Plate  X,  represents  the  "  Vogel "  grip, 
which  has  been  described  before. 

The  Butte  City  line  consists  of  1^  miles  of  double  track,  and  passes 
through  a  short  tunnel  and  over  2000  ft.  of  trestle  work.  The  grades 
vary  from  a  minimum  of  3  per  cent,  to  a  maximum  of  18  per  cent. 

BIRMINGHAM  CABLE  RAILWAY. 

In  this  road  the  tube  is  made  of  concrete  laid  19  "  deep  and  9^  " 
wide.  The  cast  iron  tube  frames  are  placed  3  '  6  "  apart,  and  then 
filled  in  with  concrete.  Pulleys  of  14"  diameter,  placed  every  50  ft., 
support  a  steel  wire  cable  3J"  circumference,  the  tensile  strength  being 
80  tons  per  sq.  in.,  and  the  torsional  strength  35  twists  in  8  " .  It  is 
composed  of  6  strands  of  13  wires  each,  laid  around  a  hempen  core,  cost 
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£626,  and  lasts  about  18  months.  The  line  is  worked  by  a  pair  of  hori- 
zontal engines,  having  cylinders  20  "  diam.  by  40  "  Btroke.  Thedriviug 
pulley  is  10  '  6  "  in  diam.  with  V  grooving. 

Table  showing  cost  of  construction  and  equipment  of  line  : — 

Track  with  pulley,  etc.,  complete $33,377 

Machinery  buildings,  offices,  chimney  shafts 4,786 

Engine,  boilers,  machinery  in  place 5,103 

Cars  and  gripping  machinery 4,704 

Cables...... 1,260 

Auxiliary  cable  gear 850 

Extras  and  payments  made  to  various  corporations, 

and  to  city  for  paving 7,150 

Total $57,230 

The  following  table  has  also  been  issued  by  the  some  company  : 
Horse  cars  per  mile  absorb  85.5  per  cent  of  the  gross  receipts. 

Steam  locomotion 64.5  p.c. 

Cable  traction 46.5  p.c. 

From  the  drawings  accompanying  this   paper  Plate  X  has   been 
prepared. 


Thursday,  4th  December. 

JOHN  KENNEDY,  Vice-President,  in  the  Chair. 

The  discussion  of  Prof.  McLeod's  paper,  "  The  Errors  of  Levels  and 
Levelling,  Part  I,"  occupied  the  evening. 


Thursday,  18th  December. 

K.  W.  LLACKWELL,  Member  of  Council,  in  the  Chair. 

The  reading  of  Prof.  McLeod's  paper,  "  The  Errors'of  Levels  and 
Levelling,  Part  II,"  occupied  the  evening. 


OBITUARY. 


SAMUEL  KEEFER.— About  the  middle  of  the  last  century,  George 
Kieffer,  a  native  of  Alsace,  born  not  far  from  Strasbourg,  on  the  Upper 
Rhine,  emigrated  to  America,  and  settled  at  Paulinskill,  near  Newton,  the 
capital  of  Sussex  county,  in  the  then  British  Province  of  New  Jersey, 
now  one  of  the  United  States  of  America.  His  brother  Jacob  went  on 
to  Pennsylvania,  establishing  himself  near  Harrisburg.  Though  born  a 
Frenchman,  German  was  his  mother  tongue  and  Lutheranism  his  religion. 
On  the  breaking  out  of  the  Revolution  in  1776,  George  Kieffer  espoused  the 
cause  of  the  House  of  Hanover,  was  mustered  in  the  Royalist  ranks,  and 
died  of  army  fever  upon  Staten  Island.  His  son  George,  born  in  1773,  was 
a  child  at  his  father's  death,  and  remained  at  his  New  Jersey  home  until  his 
18th  year. 

The  family  property,  consisting  of  two  farms  and  a  distillery,  was  confis- 
cated by  the  United  States,  and  George,  as  the  son  of  a  "  United  Empire 
Loyalist,"  was  offered  a  home  in  Canada  by  the  British  Government.  He  fol- 
lowed an  Indian  trail  from  New  Jersey  to  the  Niagara  River,  at  Buffalo,  and 
crossing  over  selected  his  home  in  Canada,  about  seven  miles  from  the  Falls 
of  Niagara.  Returning  to  New  Jersey,  he  brought  his  mother  and  brother, 
in  1792,  over  the  same  route,  by  packhorses,  the  men  marching  on  foot.  In 
1797,  he  married  Catherine  Lampman,  German  and  Lutheran  as  himself, 
and  of  the  five  sons  and  four  daughters  of  this  marriage,  Samuel  Keefer,  the 
subject  of  this  notice,  was  the  fourth  son. 

George  Kieffer  spoke  German  until  his  arrival  in  Canada,  and  here 
changed  the  spelling  of  his  name  to  Keefer,  to  secure  its  proper  pronuncia- 
tion by  his  English  neighbors. 

Samuel  Keefer  was  born  in  Thorold,  county  of  Welland,  Province  of 
Ontario,  upon  the  22nd  January,  1811.  He  was  the  fourth  son  of  the  late 
George  Keefer  of  Thorold,  who  was  a  captain  in  the  Canadian  Militia  in  the 
war  of  1812,  a  magistrate,  merchant  and  mill  owner,  and  the  first  president 
of  the  Welland  Canal  Company.  That  great  work,  commenced  in  1824  and 
completed  in  1829,  was  accomplished  by  a  joint  stock  company,  and  man- 
aged as  such  until  1841,  when,  upon  the  union  of  the  Provinces  of  Upper  and 
Lower  Canada,  it  was  taken  over  by  the  Government.  The  Canal  passed 
through  his  father's  property,  and  for  want  of  any  hotel  accommodation  his 
father's  house  was  thrown  open  to  the  engineers,  and  it  is  due  to  this  con- 
nection that  Samuel  Keefer,  while  a  lad,  chose  the  profession  of  Civil 
Engineer.  His  early  education  was  limited  to  that  afforded  by  the  country 
schools  within  his  reach  ;  but  during  the  construction  of  the  canal,  Upper 
Canada  College  was  founded  in  Toronto  (then  known  as  York),  through 
the  exertions  of  the  Lieutenant-Governor  of  Upper  Canada,  Sir  John  Col- 
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borne,  afterwards  Lord  Seaton.  Thither,  on  leaving  the  Welland  Canal, 
Samuel  Keefer  went  March  21st,  1831, and  remained  until  1833,  when,  owing 
probabl}'  to  his  canal  experience,  he  was  appointed  secretary  to  the  Board  of 
Canal  Commissioners  for  the  improvement  of  the  River  St.  Lawrence.  The 
following  year,  on  the  commencement  of  the  construction  of  the  Cornwall 
Canal,  he  became  assistant  to  the  chief  engineer,  John  B.  Mills,  and  continued 
in  this  capacity  under  Mr.  Mills'  successor,  Lt.-Col.  Philpot,  R.E.,  until 
L839.  In  that  year  he  was  appointed  secretary  to  the  Board  of  Work-, 
then  established  for  Lower  Canada  by  Ordinance  of  the  Special  Council, 
and  upon  the  subsequent  union  of  Upper  and  Lower  Canada  (which  followed 
the  Rebellion  of  1837),  and  the  establishment  of  a  Board  of  Works  for  the 
United  Provinces,  he  was  appointed  engineer  to  that  Board  on  17th  Aug- 
ust, 1841.  Thus,  at  the  age  of  30,  he  attained  the  highest  position  in  his 
profession  in  his  native  country.  That  this  was  no  sinecure  may  be  infer- 
red from  the  consideration  that  at  that  time,  besides  the  Welland  Canal  just 
taken  over,  and  needing  reconstruction  and  enlargement,  there  existed  Pro- 
vincial canals  upon  the  St.  Lawrence  and  the  Richelieu  rivers — while  from 
Gaspe  to  Lake  Huron,  a  main  post  road,  crossing  numerous  large  rivers,  to 
be  turnpiked,  planked  or  macadamized  (as  stone  or  wood  was  most  avail- 
able), was  loudly  called  for. 

He  filled  this  position  for  13  years.  1841-1854,  having  also  in  the  3  years, 
from  184G  to  1848,  acted  as  chief  engineer  to  the  Welland  Canal,  where  he 
was  called  by  the  resignation  of  the  engineer  in  charge.  In  this  period  he 
made  the  first  surveys  in  1852  for  a  canal  on  the  Canadian  side  of  the  Sault 
Ste.  Marie,  the  outlet  of  Lake  Superior,  which  work  is  only  now  under  con- 
struction. 

The  works  constructed  under  the  Department  during  the  first  decade  of 
the  union  of  the  Provinces  were  of  the  most  varied  character,  consisting  of 
canals,  roads,  bridges,"  slides  "(for  passage  of  timber  past  rapids),  harbours 
and  lighthouses.  He  personally  surveyed  and  established  the  line  of  the 
Beauharnois  Canal,  the  first  enlargement  of  the  Lachine  Canal,  and  the 
locks  and  dams  at  St.  Anne's  on  the  Ottawa,  and  St.  Ours  on  the  Richelieu 
and  directed  their  construction. 

In  1850,  he  substituted  for  the  more  costly  oak  framed  gates  previously 
in  use,  solid  timber  ones  of  pine  for  the  St.  Lawrence  canals,  where  the 
locks  have  a  width  of  45  and  50  feet.  The  timbers  of  pine,  like  very  thick 
plank  laid  broadside  en  top  of  each  other,  were  reduced  at  the  end.-  to  the 
width  of  the  heel  and  toe  post,  but  wider  elsewhere,  being  arched  against 
the  pressure  -ide,  giving  greater  strength,  floatation  and  economy  of  cost, 
as  well  as  greater  durability. 

He  also  constructed  in  this  period,  1843-1844,  the  first  suspension  bridge 
in  Canada,  over  the  Ottawa  River  at  the  Chaudiere  Falls,  connecting  the 
now  cities  of  Ottawa  and  Hull.  A  wooden  bridge  of  300  feet  span  had  been 
erected  upon  this  by  the  Royal  Engineers  in  charge  of  the  Rideau  Canal 
some  years  previously,  but  had  fallen  soon  after  its  erection.  Samuel 
Keefer  here  had  an  opportunity  to  bring  his  mathematical  knowledge,  for 
which  he  was  distinguished  at  college,  into  play.     He  chose  the   Freiburg 
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wire  in  preference  to  the  Menai  chain  system,  and  made  his  plans  with  the 
very  limited  assistance  of  engineering  literature  then  accessible  to  him, 
chiefly  the  Engineer  and  Architect's  Journal.  That  it  is  not  every 
engineer  who  can  build  a  suspension  bridge  is  evident  from  subsequent 
experience  in  Canada  and  in  the  adjoining  State  of  New  York.  Two  Cana- 
dian suspension  bridges,  one  over  the  Desjardine  Canal  near  Hamilton, 
Ontario,  the  other  over  the  Montmorency  River,  near  Quebec,  were  blown 
away  or  fell,  in  the  one  case  with  loss  of  life;  while  two  American  bridges, 
one  on  the  Genesee  River  at  Rochester,  the  other  over  the  Niagara  River  at 
Queenston,  shared  the  same  fate.  Mr.  Keefer  had  not  the  advantage  of  his 
less  fortunate  successors  in  having  a  successful  example  to  refer  to.  This 
bridge  served  its  purpose  for  45  years,  and  was  replaced  last  year,  although 
as  serviceable  as  ever,  by  a  wider  steel  truss  one,  which  was  called  for  by 
the  increased  traffic. 

In  1845,  he  was  again  called  upon  to  plan  an  original  work,  of  which  there 
was  no  type  in  existence.  Timber  slides  for  the  passage  of  cribs  with  men 
to  guide  them  had  been  in  use  for  some  years,  but  to  regulate  the  necessary 
depth  of  water,  which  must  not  exceed  12  to  15  inches,  stop  logs  of  varying 
dimensions  were  put  in  or  taken  out  as  the  river  at  the  head  of  the  slide 
rose  or  fell.  Mr.  Keefer  had  read  in  the  Civil  Engineer  and  Architect's 
Journal  the  account  of  the  Bear  Trap  sluice  in  use  at  an  early  date,  but 
long  before  abandoned  on  the  Pennsylvania  rivers,  and  adopted  the  princi- 
ple to  afford  an  automatic  regulator,  by  which  the  gates  of  the  Bear  Trap, 
being  set  for  a  given  feed  of  water,  would  rise  or  fall  with  the  fluctuation  of 
the  stream,  always  feeding  the  same  quantity.  This  was  applied  to  the 
Government  slides  at  Ottawa,  and  worked  successfully  for  years,  though 
not  now  considered  necessary. 

In  1853,  he  resigned  his  position  under  the  Government  for  a  more  lucra- 
tive one  upon  the  Grand  Trunk  Railway,  and  located  the  line  between  Mon- 
treal and  Kingston,  which  he  had  previously  surveyed  for  the  Government 
while  in  their  service.  He  also  conducted  the  hydrographic  survey  of  the 
site  of  the  Victoria  Bridge,  fixed  the  line  upon  which  it  was  constructed 
and  projected  the  high  level  bridges  for  this  railway  over  the  Ottawa  at  St. 
Anne's,  and  over  the  Rideau  Canal  near  Kingston.  During  this  period,  1853- 
1857,  he  was  also  supervising  engineer  of  the  Brockville  &  Ottawa  Rail- 
way, a  line  which  connects  the  St.  Lawrence  at  Brockville  with  the  Ottawa 
River,  about  40  miles  above  the  city  of  Ottawa. 

In  1857,  he  re-entered  the  Government  service,  as  inspector  of  railways 
and  deputy  commissioner  of  Public  Works,  and  for  seven  years  made  a 
personal  inspection  of  all  the  provincial  railways.  As  deputy  commis- 
sioner of  Public  Works,  he  was  charged,  owing  to  the  absence  of  the  chief 
commissioner,  with  the  selection  of  the  competition  plans  for  the  public 
buildings  at  Ottawa.  His  report  on  these  plans  was  approved  by  His 
Excellency  in  Council  in  1859,  and  the  works  forthwith  commenced  under 
his  direction,  and  were  so  far  advanced  that  the  corner  stone  was  laid  by  the 
Prince  of  Wales  in  1860.  The  arrangement  of  the  detached  blocks,  forming 
the  Parliament  buildings  and  departmental  offices,  upon  three  sides  of  a 
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square,  is  due  to  him,  and  no  little  of  the  effect  of  this  Bplendid  pile  upon 
a  magnificent  site  is  due  to  this  disposition. 

He  retired  from  the  public  service  in  1864  to  his  home  in  Brockville,  but 
hot  from  the  practice  of  his  profession.  In  addition  to  the  management  of 
his  private  affairs,  he  urn!  rtook,  in  1869,  the  construction  ofa  wire  suspen- 
sion bridge  at  Niagara  Falls,  of  a  span  of  1,268  feet,  then  the  longest  in 
c  cistence,  a  detailed  account  of  which  appeared  in  Engineering  in  that  Mar. 
Poi  the  plan  and  details  of  this  work,  he  was  awarded  the  gold  medal  at  the 
Paris  Exhibition  of  1878.  This  bridge  stood  for  nearly  twenty  rears  with- 
out failure  of  any  kind.  In  1889,  the  owners,  without  consulting  Mr. 
JEeefer,  replaced  the  single  track  roadway  by  a  double  track  one,  and  three 
months  after  this  new  roadway  was  torn  from  its  cables  and  guys  by  a  ter- 
rii  3  wind,  which  registered  at   Buffalo,  18  miles  distant,  88  m.  per  hour. 

In  70,  he  was  appointed  by  the  Government  secretary  to  the  Canal 
Commission,  of  which  Sir  Hugh  Allan  was  chairman.  The  object  of  this 
commission  of  mercantile  men  was  to  determine  the  scale  of  navigation  for 
the  enlargement  of  the  Canadian  canals.  In  1872,  he  made  a  survey,  plans 
and  estimates  of  the  Baie  Verte  Canal,  a  route  to  connect  the  Gulf  of  St. 
Lawrence  and  the  Bay  of  Fundy,  a  project  which  had  been  proposed  early 
in  the  century,  but  which  has  now  been  abandoned  in  favour  of  a  ship  rail- 
May  over  the  same  route.  Col.  Sir  Casimir  Gzowski,  K-G.C.M.,  was  a- 
ciated  with  him  in  this  work,  which  was  completed  in  1873. 

In  1876, he  built  the  Duft'erin  bridge — cast  iron  arch — over  the  Rideau 
Canal  in  the  city  of  Ottawa,  and  widened  another,  a  stone  arch  built  by  the 
Royal  Engineers  over  the  same  canal,  about  50  years  before. 

In  1880,  he  was  appointed  one  of  the  members  of  a  Royal  Commission,  to 
enquire  into  the  conduct  and  prosecution  of  the  Canadian  Pacific  Railway 
from  its  inception  to  date.  Up  to  this  date  this  railway  had  been  carried 
on  as  a  public  work.  A  reform  Government  had  been  in  power  from  1873 
to  1878,  and  had  given  way  to  a  Conservative  one,  which  was  now  investi- 
gating the  work  of  their  predecessors.  Samuel  Keefer  was  a  pronounced 
Conservative,  hence  the  absence  of  his  name  in  Government  connection 
between  1873  and  1880. 

No  mention  is  made  of  what,  especially  since  his  retirement  from  the 
pu!  ic  service,  was  an  important  aud  lucrative  branch  of  his  private  prac- 
tice. As  a  competent  and  experienced  hydraulic,  bridge  and  railway 
engineer,  his  services  as  an  expert  and  arbitrator  were  ever  in  request.  His 
active  participation  in  these  duties  continued  until  1888,  when  his  final  ill- 
ness began.  From  Ins  experience  on  the  Welland  Canal,  as  a  lad,  to  his 
cessation  from  labour,  deducting  his  college  years,  he  must  be  credited 
with  about  60  years  of  practice,  a  long,  useful  and  honourable  career,  which 
has  in  no  small  degree  contributed  to  the  position  which  Canada  holds  as 
the  possessor  of  public  works  unsurpassed  by  any  country  of  similar  wealth 
and  population. 

He  became  a  member  of  the  American  Society  of  Civil  Engineers  in  Jan  ■ 
uary,  1869,  and  of  the  Institution  of  Civil  Engineers  in  March,  1870.  The 
year  before  his  death,  he  was  President  of  the  Canadian  Society  of  Civil 
Engineers. 
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In  person  he  wae  about  the  middle  height,  stoutly  built  without  corpu 
lence.  In  disposition  he  was  remarkably  cheerful,  with  an  entire  freedom 
from  any  thing  approaching  irritability.  A  consistent  member  of  the  Church 
of  England,  which  he  represented  as  a  lay  delegate,  both  in  the  Diocesan 
and  Provincial  Synods  and  upon  the  Mission  Board,  his  creed  was,  "  Fear 
God,  honour  the  King, — meddle  not  with  them  who  are  given  to  change." 

Mr.  Keefer  died  at  his  home  in  Brockville  (from  effects  of  malarial  fever 
contracted  nearly  two  years  before  in  Toronto),  on  the  9th  of  January,  1890, 
within  a  fortnight  of  entering  upon  his  eightieth  year. 


JOHN  PAGE.— Chief  Engineer  of  the  Dominion  Canals.  This  very 
able  and  distinguished  engineer  was  born  in  Scotland,  in  the  year  1815. 
He  served  under  the  late  Robert  Stephenson,  as  junior  engineer  of  the 
Northern  Light  House  Board,  for  a  few  years,  until  1838,  when  he  left  for 
the  United  States,  where  he  was  employed  on  the  Erie  Canal  as  a  stone- 
cutter, and  afterwards  as  one  of  the  sub-engineers,  for  about  four  years.  In 
1842  be  obtained  employment  as  draughtsman  and  as  one  of  the  assistant 
engineers  on  the  Welland  Canal,  the  first  enlargement  of  which  had  been 
commenced  the  previous  year.  In  September,  1842,  he  rose  to  the  position 
of  assistant  to  the  chief  engineer,  and  in  1846  to  that  of  consulting  engineer, 
on  this  work. 

From  1850  to  1851,  he  located  and  began  the  construction  of  the  Junction 
Canal,  uniting  the  Galops  and  Point  Iroquois  links  of  the  Williamsburgh 
Canals,  of  which  he  was  then  the  resident  engineer,  and  until  he  was  appoint- 
ed superintending  engineer  of  the  canals  east  of  Kingston  in  1852,  in  which 
capacity  he  acted  until  the  31st  of  October,  1853,  when  he  became  chief 
engineer  of  the  public  works  department  of  Upper  and  Lower  Canada 
upon  the  retirement  of  the  late  Samuel  Keefer  who  had  filled  that  position 
since  17th  August,  1841. 

Mr.  Page  was  appointed  deputy  commissioner  of  the  department,  8th 
March,  1864,  but  resigned  this  position,  and  was  re-appointed  chief  engineer 
on  the  15th  of  the  same  month.  When  confederation  took  place,  1st  July,' 
1867,  he  was  nominated  chief  engineer  of  the  Federal  Government,  on  all 
works  excepting  railways,  and  acted  in  this  capacity  until  October,  1879, 
when  the  Department  of  Public  Works  was  divided  into  two  departments, 
that  of  Railways  and  Canals,  and  the  other  of  Public  Works,  comprising 
buildings,  harbours  and  river  improvements,  etc.  He  was  then  appointed 
chief  engineer  of  the  canal  branch. 

In  1889,  Mr.  Page  accepted  nomination  as  President  of  the  Canadian 
Society  of  Civil  Engineers,  for  the  following  year,  but  he  afterwards  found 
himself  compelled  to  withdraw  his  consent  on  account  of  his  official  duties. 
During  the  spring  of  1890,  he  was  appointed  member  of  a  Royal  Com- 
mission, to  examine  and  report  on  the  Montreal  Harbour  improvements  pro- 
posed by  the  Montreal  Flood  Commission  of  1886-87,  and  by  other  parties. 

He  died  suddenly  in  his  office,  at  Ottawa,  on  the  2nd  of  July,  1890. 

The  principal  works  designed  by  or  executed  under  Mr.  Page  were : — the 
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Junction  Canal,  1851-52  ;  the  dioptric  ami  catadioptric  Light  Bouses  at  Belle  - 
He.  Amour  Point,  Cape  Rosier,  Bird  Rock  ami  Anticosti,  alon^  the  Gulf  of 
St.  Lawrence,  ami  the  first-class  Light  Houses  on  Lakes  Erie  and  Huron, 
1858-67  ;  the  Culbute  locks  and  dam  for  vessels  drawing  ti  feet  at  the  lowest 
water  on  the  Upper  Ottawa,  1873-76 ;  the  last  enlargement  of  the  Welland 
canal,  from  a  depth  of  10J  to  14  feet  of  water  on  the  lock  sills,  1873-87  ;  the 
enlargement  of  the  River  Ottawa  canals  at  Ste.  Anue,  Carillon  ami  Granville, 
from  6  to  9  feel  depth  of  water  on  the  lock  Bills,  1871-83 ;  the  Lachine 
Canal  enlargement,  from  '••  to  14  feet  deptb  on  the  lock  sills,  ls7.'!-S4  ;  the 
Galops,  Kapide-Plat,  Farran's  Point  and  Cornwall  canals,  the  enlargement  of 
which,  to  a  navigable  depth  oil  I  feet,  was  commenced  in  1875,  ami  is  still  in 
progress;  the  Murray  canal, at  Presqu'ile,  Lake  Ontario,  commenced  in  1882 
and  completed  in  1889  ;  the  Tay  Canal  branch  of  the  Rideau  Canal,  enlarged 
and  reconstructed,  1883-89  ;  the  Sault-Ste-Marie  Canal,  the  navigable  draft  of 
which  is  to  be  18  feet,  commenced  in  1888,  and  now-  in  progress  ;  the  River 
Trent  new  canals  at  Buckhorn  and  Burleigh  Rapids,  and  at  Fenelon  Falls, 
with  5  feet  water  on  the  lock  sills,  1882-88. 

Apart  from  the  construction  of  the  works  enumerated  above,  Mr.  Page 
submitted  many  valuable  reports  in  connection  with  other  important  ami 
projected  works,  and  acted  as  arbitrator  in  several  complicated  cases,  always 
giving  satisfaction  to  the  Government  and  the  contractors,  who  relied  on  tin' 
soundness  of  his  judgment,  on  his  great  experience,  and  on  his  integrity. 

By  his  death  and  that  of  the  late  Samuel  Keefer,  his  predecessor,  Canada 
has  deen  deprived  of  the  services  of  two  of  its  most  experienced  and  skilful 
engineers.  The  canal  works  executed  under  their  directions  are  second  to 
none  on  the  continents  of  America  and  Europe,  as  regards  magnitude,  8ta- 
bility  and  cost. 

Mr.  Page  was  elected  a  member  of  the  Society  on  the  12th  of  May,  1887. 


THOMAS  TIMMIS  VERNON  SMITH  was  born  on  the  6th  August, 
1824,  at  Duckmanton  Lodge,  near  Chesterfield,  Derbyshire,  at  that  time  tin 
residence  of  his  father,  whose  family  has  been  settled  in  Sheffield  for  many 
generations,  being  almost  certainly  the  oldest  in  England  connected  with 
the  Iron  and  Steel  trade-.  Vernon  Snath's  father  was,  like  his  forefathers, 
an  iron  and  coal  master;  his  grandfather,  who  was  master  cutler  in  1797, 
was  himself  the  grandson  of  John  Smith,  who  was  master  cutler  in  1722. 
This  lact  was  great-grandson  of  Henry  Smith,  whose  name  was  included  in 
the  Royal  Charter  granted  by  James  I.,  in  1612,  founding  the  cutlers  corn- 
pan  v.  The  glory  of  this  still  existing  .company  has  faded  during  the  past 
decades,  and  its  position  with  regard  to  the  Iron  and  Steel  trade  of  England 
is  now  more  or  less  taken  by  the  Iron  and  Steel  Institute,  of  which  Vernon 
Smith's  eldest  brother  was  one  of  the  founders,  and  has  been  president, 
thus  making  seven  generations,  from  father  to  son,  associated  with  the  man- 
ufacture of  iron  and  steel.  On  the  American  continent  it  may  be  of  inter- 
est to  mention  that  Vernon  Smith's  mother  was  great-grand-niece  of  Admiral 
Edward  Vernon,  after  whom  George  Washington's  elder  half-brother    who 
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served  in  the  fleet  commanded  by  that  Admiral,  named  his  Virginian  home 
Mount  Vernon,  which  has  become  a  place  of  interest  and  of  pilgrimage 
without  a  rival  in  the  States. 

Vernon  Smith,  as  a  very  small  boy,  was  present  with  his  father  at  the 
opening  of  the  Liver  pool  &  Manchester  Railway, — the  pioneer  railway  of 
England.  He  was  educated  at  Mill  Hill  Grammar  School ;  and  afterwards 
served  a  five  years'  apprenticeship  at  Newcastle-on-Tyne,  with  his  father's 
friends,  George  and  Robert  Stephenson.  At  the  end  of  this  period  he 
returned  home  to  assist  his  father  at  the  Stanton  Iron  Works,  near  Derby, 
where  he  remained  until  he  became  locomotive  superintendent  of  the 
Southampton  division  of  the  London  &  South  Western  Railway.  It  was 
during  this  time  that  an  accident  happened  in  a  tunnel  to  the  Queen's  train, 
on  which  occasion  Mr.  Smith  rendered  valuable  service  in  relieving  Her 
Majesty  from  a  most  dangerous  situation. 

In  1852,  Vernon  Smith  was  appointed  manager  of  the  Woodstock  Iron 
Works  in  New  Brunswick,  owned  by  Sanderson  &  Co.,  of  Sheffield.  At 
the  stoppage  of  those  works  he  went  to  England,  remaining,  however,  but 
a  short  time,  and  returned  to  Canada,  in  1855,  to  superintend  the  construc- 
tion of  the  Cobourg  &  Peterborough  Railway. 

In  1857,  he  was  appointed  provincial  engineer  under  the  New  Brunswick 
Board  of  Trade,  which  position  he  held  for  several  years.  During  this 
period  he  invented  and  patented  a  fog  whistle,  which  has  since  been  adopted 
not  only  in  Canada,  but  on  the  English  coasts  and  elsewhere.  The  original 
whistle  bearing  his  name  is  still  in  use  at  Partridge  Island,  in  St.  John 
harbour. 

In  1861,  he  returned  to  England,  and  during  the  next  four  years  he  visited 
and  made  special  reports  on  various  railway  and  mining  enterprises,  both 
in  England  and  on  the  continent ;  and  until  the  project  was  abandoned, 
superintended,  on  behalf  of  Overend,  Gurney  &  Co.,  the  construction  of  the 
Barcelona  &  Cette  Railway. 

In  1866,  Vernon  Smith  returned  to  Canada  and  remained  identified  with 
the  Dominion  until  his  death.  He  went  to  Nova  Scotia  as  engineer  for 
Punchard  &  Clarke,  the  contractors  for  the  Windsor  &  Annapolis  Railway  •, 
and  when  the  line  was  completed,  he  was  appointed  general  manager.  He 
resigned  this  appointment  to  become  chief  engineer  to  the  Western  Counties 
Railway,  and  spent  four  years  over  the  surveys  and  construction  of  that 
road. 

In  1877,  Vernon  Smith  conducted  a  survey  connecting  the  Intercolonial 
Railway  with  Whitehaven,  N.S.,  which  had  been  proposed  as  the  winter 
terminus  of  the  English  mail  steamers.  In  1878,  he  went  to  Toronto  to 
superintend  work  in  connection  with  the  Credit  Valley  Railway,  and 
remained  in  that  city  for  five  years.  During  this  period  he  wrote  many 
articles  in  the  press  on  professional  subjects ;  amongst  these  a  long  series  in 
Engineering  (of  London,  England),  on  "  Canadian  Railways,"  attracted 
much  attention,  as  well  as  a  popular  article  in  the  Nineteenth  Century,  on 
the  "  Wheatfields  of  North  America." 
In  1883,  a  move  was  made  to  Ottawa,  as  a  more  convenient  centre,  and 
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Vernon  Smith  was  engaged  on  special  engineering  work  for  the  Mattawam- 
keag  Short  Line,  the  Gatineau  Valley  Railway,  and  other  minor  enter- 
prises. In  1886,  he  crossed  the  continent  on  the  Canadian  Pacific,  and 
prepared  for  the  present  president  of  that  line  a  very  exhaustive  report  of 
the  railway,  and  the  immense  facilities  which  it  afforded  in  opening  up  the 
interior  of  the  country. 

In  1889,  Mr.  Schreiber,  chief  engineer  of  Government  railways,  entrusted 
Mr.  Smith  with  the  superintendence  of  the  survey  of  the  proposed  Harvev- 
Salisbury  Short  Line  in  New  Brunswick.  After  the  close  of  the  field  work 
of  this  survey,  and  while  preparing  the  necessary  plans  and  estimates  for 
his  report,  Vernon  Smith  was  attacked  by  "La  Grippe,"  and  after  a  few 
days  illness,  leaving  his  latest  work  almost  completed,  he  died  on  the  15th 
January,  1890,  in  the  66th  year  of  his  age. 

Mr.  Smith  was  elected  a  member  of  the  Society  ou  the  17th  of  Sep- 
tember, 1887. 


EDWARD  WASELL  was  born  on  the  7th  of  January,  1841,  at  Southamp- 
ton, England,  and  died  21st  April,  1890,  in  London,  Ontario.  The  earliest 
record  of  him  is  in  Canada  in  the  year  1868,  from  which  time  until  1873  he 
was  employed  on  the  Great  Western  Railway  as  assistant  engineer,  and 
afterwards  as  chief  engineer  of  the  London,  Huron  &  Bruce  Railway, 
resigning  in  December,  1874.  From  1874  to  1879  he  was  chief  engineer 
of  construction  on  the  Western  Counties  Railway  of  Nova  Scotia,  and  he 
also  constructed  the  Yarmouth  Water  Works,  Nova  Scotia.  From  1883  to 
1885  he  designed  and  built  the  sewerage  system  of  Winnipeg,  Manitoba,  and 
was  subsequently  engaged  in  private  engineering  practice  in  Ontario. 

Mr.  Wasell  was  elected  a  member  of  the  Society  ou  the  11th  October,  1888. 


(Abstracts  of  Papers  in  Foreign  Transactions  and  Periodicals.) 

THE   HAWKESBURY   BRIDGE,  NEW  SOUTH  WALES. 

By  Charles  Ormsby  Burge,  M.  Inst.  C.E. 

(Minutes  of  Proceedings  of  the  Institution  of  Civil  Engineers,  Vol.  CI., 

1890.) 

The  author  was  in  charge  of  the  work  for  the  Colonial  Government, 
under  Mr.  John  Whitton,  engineer  in  chief  for  railways.  The  Colon- 
ial Government  invited  designs  and  tenders  for  construction,  making 
the  competition  world-wide.  That  of  the  Union  Bridge  Company  of 
New  York  was  accepted. 

The  accepted   design  consisted  of  seven  spans  of  416  feet  each,  centre 

to  centre  of  piers.     The  bridge  is  for  a  double  track,  the  trusses  are 

28  feet  apart,  centre  to  centre.     The  material  is  of  steel  with  eye  bar 

tension  rods  and  steel    pins.     The  main  girders   of  each  span  are  410 

feet  in  length  centre  to  centre  of  end  pins,  and  58  feet  deep  at  centre. 

The  foundations  are  of  concrete  encased  in  steel  caissons,  upon  which 

is  built  stone  masonry.     The   boring  showed  a  bed  of  mud  and  other 

material  for  a  depth  at  maximum  of  93  feet  below  the  bed  of  the  river. 

The  greatest  depth  of  water  was  77  feet,  range  of  tide  7  feet.     Pier 

number  six  is  the  deepest,  being  1 62  feet  below  water,  or  50  feet  of  water 

and  11  2  feet  of  mud,  etc.,  and  being,    "  as  far  as  the  author  is  aware, 

the  deepest  bridge  foundation  yet  sunk."     The  caissons  for  the  piers 

are  48  feet  long  by  20  feet  wide,  with  rounded  or  semi-circular  ends,  the 

lowest,  20  feet,  is  tapered  outwards  to  2  feet  wider,  making  the  bottom 

of  the  caissons  24  feet  wide.     The  caissons  have  three   dredging  wells 

each  8  feet  diameter,  placed  14  feet  apart  centre  to   centre  lengthwise, 

the  spaces  between  the  wells  being  6  feet  and   similarly  between  them 

and  the  edges  of  the  caissons.     This  method  formed  four  cutting  edges 

in    longitudinal  sections  and  two  in    cross  section  of  the  wells.     The 

spaces  between  the  wells  are  filled  with    concrete.     The  caissons  were 

floated    into    position,    and  built  up  as   their   sinking  progressed  by 

dredging  out  the  wells.    The  margin  for  lateral  divergence  allowed  (in 

sinking)  by  the  specification  was  2  feet. 

No.  5  caisson  was  the  first  started  and  proved  to  be  the  last  completed. 
Its  career  was  erratic.     It   was  commenced  on  the  9th  December,  1886, 
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and  was  only  ready  for  masonry  on  the  9th  October,  1888.  Shortly 
after  entering  the  mud  its  tendency  was  to  work  eastward,  or  at  right 
angles  to  the  line  of  the  bridge.  Remedies  by  dredging,  pile-driving 
and  anchoring  were  resorted  to,  but  all  failed  to  secure  the  getting  it  into 
proper  position.  Finally,  when  the  caisson  "  was  well  in  the  sand,"  at 
144  feet  below  high  water  (being  then  in  67  feet  of  mud,  etc.),  it  was 
proposed  to  sink  an  additional  caisson  at  its  west  end.  This  failed,  and 
the  addition  was  in  the  way  and  could  not  be  removed,  so  there  was 
"  no  alternative  left  but  to  commence  the  masonry  at  the  west  end 
"  at  as  low  a  level  as  possible,  viz.,  12^-  feet  under  the  original  masonry 
"  level,  and  to  corbel  out.  With  the  aid  of  a  coffer  dam  this 
"  corbelling  was  carefully  carried  out  with  solid  stones  7  to  8  feet  in 
"  length,  with  a  9  inch  overhang  in  each  course,  and  though  adopted 
"  as  a  last  resource,  the  centre  of  the  column  of  masonry  above,  coin- 
"  ciding  with  the  centre  of  the  west  girder,  is  well  within  the  base  of 
"  the  original  caisson  ;  and  the  resultant  line  of  the  pressures  of 
"  the  pier  and  load  passes  very  closely  to  the  centre  of  the  bottom 
"  foundation  area."  The  author  attributes  nearly  all  the  difficulties 
of  sinking  to  the  outward  splay  of  the  caisson  at  the  bottom,  and  recom- 
mends straight  sides. 

No.  6  pier  also  behaved  stubbornly.  Its  tendency  was  northward 
(in  the  line  of  the  bridge),  following  a  declivity  in  the  bottom  of  the 
river,  and  all  the  remedies  applied  did  not  effect  the  desired  object, 
so  that  the  span  of  the  girders  had  to  be  changed  to  suit  the  wayward- 
ness of  this  pier.  The  maximum  pressure  on  the  bottom  of  No.  6 
caisson  (which  is  the  heaviest)  is  about  9  tons  per  square  foot. 

The  erection  of  the  superstructure  was  by  floating  an  entire  span 
into  position.  The  bridge  is  in  an  exposed  situation,  and  beset  with 
tidal  currents.  A  pontoon,  335  feet  in  length  by  01  feet  wide,  and 
having  44  water-tight  compartments,  was  scuttled  on  a  gridiron  at 
Dangar  Island.  This  pontoon  had  erected  upon  it  staging  high  enough 
to  float  the  bridge  into  position  (its  clearance  being  40  feet  above  high 
water).  Jn  this  position  (on  the  gridiron)  a  full  span  was  built,  and 
when  wind  and  tide  favoured,  the  pontoon  was  floated  (by  closing  the 
chamber  valves  at  low  water).  The  whole  was  then  hauled  to  the 
bridge  site,  f  of  a  mile  away,  by  means  of  6  inch  hawsers  extending 
from  the  island  to  the  bridge,  all  worked  by  steam.  This  method  was 
assisted  by  tugs  aud  the  flowing  tide,  Dangar  Island  being  below  the 
bridge.  The  span  being  moved  in  position,  but  higher  than  the  piers, 
the  lowering  into  position  wa3  done  by  the  ebb  tide,  or  when  necessary 
by  partial  scuttling  of  the  pontoon.     This  method  was  not  all  plain 
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sailing,  there  were  many  difficulties  of  wind  and  tide  to  battle  with, 
and  more  than  one  span  narrowly  escaped  wrecking.  No.  6  parted 
its  hawser  during  a  squall.  "  The  pontoon  swung  around  into  a  dan- 
gerous position,  from  which  it  appeared  impossible  to  avoid  a  collision 
with  the  structure  already  fixed."  Dexterously,  however,  a  successful 
movement  was  made,  saving  the  span  but  reversing  it  end  for  end, 
making  no  difference,  as  the  girders  were  symmetrical. 

Mr.  Thomas  Curtis  Clarke  and  Mr.  Theodore  Cooper  of  New  York 
designed  the  structure.  The  Union  Bridge  Company  sublet  the  work, 
the  bridge  superstructure  being  built  by  Messrs.  Arrol  of  Glasgow,  the 
caissons  by  Messrs.  Head  &  Wrightson,  the  masonry  by  Mr.  Samuel- 
son  of  New  South  Wales.  Messrs.  Anderson  &  Barr  of  Jersey  City, 
N.J.,  sank  the  piers,  and  Messrs.  Byland  &  Morse  of  Chicago 
erected  the  superstructure.  The  tender  was  for  the  bulk  sum  of 
£327,000  stg. ;  time  allowed  2\  years. 

Mr.  Thos.  C.  Clarke  gives  the  quantities  as  follows  : — 

Estimated         As  in  work. 

Tons  of  steel  in  girders 6,200  6,320 

"         caisson  1,600  1,668 

Cubic  yards  of  concrete 27,600  26,593 

Masonry 4,900  5,630 

(Excess   masonry  due  to  change  of  plan.) 

Time 30  months  34  months. 

The  bridge  was  opened  for  traffic  on  the  1st  May,  1889,  by  His 
Excellency  Lord  Carrington,  Governor  of  the  Colony. 
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DEVELOPMENTS  IN   TELEGRAPHY, 


BY    D.    H.    KEELEY.' 
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THE  INTERCHANGEABLE  WAY-WIRE  MULTIPLEX. 

PLAN     OF    TERMINAL,    SHOWING     CONNECTIONS    FOR    THE     SIGNALLING    CIRCUITS. 


6 


NOTE. — The  local  circuit  formed  as  indicated  by  the  dotted  lines,  comprises 
the  means  whereby  the  movements  of  the  transmitting  key  (K)  are 
made  to  harmonize  with  the  regularly  alternating  line  currents. 
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DEVELOPMENTS  IN   TELEGRAPHY, 

BY    D.    H.    KEELEY. 
THE     INTERCHANGEABLE    WAY-WIRE     MULTIPLEX     SYSTEM. 
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PLAN    OF   CIRCUITS   SHOWING    METHOD   OF   OPERATION. 

Ta  "/I0?1  ? rCUitS'  discharge  plates'  and  the  adJ'u"cts  of  the  polarized  receivers,  shown  in  the  other  print,  are  here  omitted  The 
arms  A,  A,  A,  A,  are  revolved  synchronously  by  motors  governed  by  the  receivers  Ra,  Rb,  which  are  alternately  actuated  at  every 
half  revolution.  The  main  line  currents  are  presented  at  both  ends  concurrently  ;  +  at  one  end  and  —  at  the  other,  alternately. 
Normally  the  receivers  respond  to  the  alternations.  The  keys,  upraised  and  depressed,  operate  to  interrupt  the  path  of  one  phase 
or  the  other  of  the  current  in  their  respective  circuits.  The  movements  of  a  given  key  are  therefore  reproduced  in  all  of  the 
receivers  included  in  its  circuit. 
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